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VorumE XI. 
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NUMBER 12 


The Independent Electric Light and Power Company 


HEN it was announced that the Independent Electric Light 
and Power Company proposed to build a great steam plant 
in San Francisco, and that its engineering design and in- 

stallation was to be under the sole management of Mr. A. M. 
Hunt, it was instantly granted that the station would be second to 
uone in America in the absolute perfection of its steam engineer- 





self-supporting steel stack, by Chas. C. Moore & Company, the 
well-known steam engineers of San Francisco. These boilers are 
of forged steel construction throughout and were built to carry a 
safe working pressure of 200 pounds per square inch. There are 
eight boilers in full operation at present, and four more of equal 
capacity are in course of erection. These boilers are of the largest 


A GENERAL VIEW OF THE INDEPENDENT ELECTRIC LIGHT AND POWER COMPANY'S ENGINE AND GENERATOR ROOM. 


ing details. The completion of the plant has amply justified 
these predictions, for no one East or West will gainsay the fact 
that it is fully representative of the latest and best American 
ideas in modern steam station practice. 

The boilers are of the double-deck, water tube type, made by 
the Babcock & Wilcox Company, and were installed complete 
with the Green’s fuel economizers, induced draught apparatus and 


size regula-ly built by the Babcock & Wilcox Company, each 
being equivalent in capacity to five return tubular boilers 6 feet in 
diameter and 16 feet long. They are arranged in batteries of two 
boilers each, having a heavy division wall separating the furnaces 
and passages of ample width on either side so that each boiler may 
be operated, inspected and cleaned entirely independently of the 
other, 
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Although the construction of the Babcock & Wilcox boiler is 
probably better known than that of any other boiler of the water 
tube type, it is of interest to point out that these boilers, as built 
for the Independent plant, are of exceptionally excellent work- 
manship. The boiler is composed of lap-welded wrought iron 
tubes placed in an inclined position and connected with each 
other, and with a horizontal steam and water drums by vertical 
passages at each end, while a mud-drum connects the tubes at the 
rear and lowest point in the boiler. The end connections are 
sinuous forged steel headers in one piece for each vertical row of 
tubes, and are of such form that the tubes are ‘‘staggered” (so 
placed that each horizontal row comes over the spaces in the 
previous row). The holes are accurately sized, made tapering, and 
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In erecting these boilers they were suspended entirely independ- 
ent of the brick-work, from wrought iron girders resting on iron 
columns, thus avoiding any straining of the boiler from unequal 
expansion between it and its enclosing walls, and permitting the 
brick-work to be repaired or removed, if necessary, without in any 
way disturbing the boiler. All the principal fixtures, which are 
extra heavy and of neat design, appear in the accompanying il- 
lustration on page 272, taken during the erection of the plant. 

The fire is made under the front and higher end of the tubes, 
and the products of the combustion pass up between the tubes 
into a combustion chamber under the steam and water-drum; 
from thence they pass down between the tubes, then once more 
up through the spaces between the tubes, and off to the chimney. 


ONE OF THREE 1600-KILOWATT WESTINGHOUSE-McINTOSH AND SEYMOUR ENGINE SETS. 


the tubes fixed therein by an expander. The sections thus formed 
are connected with the drum, and with the mud-drum also by 
short tubes expanded into bored holes, doing away with all bolts 
and leaving a clear passage way between the several parts. The 
openings for cleaning opposite the end of each tube are closed by 
hand-hole plates, the joints of which are made in the most thor- 
ough manner, by milling the surfaces to accurate metallic con- 
tact, and are held in place by wrought iron forged clamps and 
bolts. They are tested and made tight under a hydrostatic pres- 
sure of 300 pounds per square inch, iron to iron, and without rub- 
ber-packing or other perishable substances. 

. The steam and water drums are made of flange iron or steel, of 
extra thickness, and double riveted, while the mud-drums are of 
cast iron, which is the best material to withstand corrosion, and 
are provided with ample means for cleaning. 


The water inside the tubes, as it is heated, tends to rise towards 
the higher end, and as it is converted into steam—the mingled 
column of steam and water being of less specific gravity than the 
solid water at the back end of the boiler—it rises through the 
vertical passages into the drum above the tubes, where the steam 
separates from the water and the latter flows back to the rear and 
down again through the tubes in a continuous circulation. As the 
passages are all large and free, this circulation is very rapid, 
sweeping away the steam as fast as formed and supplying its 
place with water; absorbing the heat of the fire to the best ad- 
vantage; causing a thorough commingling of the water throughout 
the boiler and a consequent equal temperature, and preventing, to 
a great degree, the formation of deposits or incrustations upon the 
heating surfaces, sweeping them away and depositing them in the 
mud-drum whence they are blown out. The steam is taken out at 
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the top of the steam-drum, near the back end of the boiler, after 
it has thoroughly separated from the water. 

In each furnace there are 252 tubes, each 4 inches in diameter 
by 18 feet long, and these tubes are, as stated, connected to three 
main steam and water drums by means of sinuous forged steel 
headers. The headers, when placed in position, form sectional 
water legs at each end of the drums, from which the safety of this 
type of boiler is derived. The eight boilers at present in opera- 
tion are connected to the Green’s fuel economizers, placed in the 
rear of the boilers, and also by independent smoke flues directly 
to the stack, while the boilers, economizers and induced draught 
fans are arranged symmetrically on either side of a self-supporting 
full lined steel chimney, having an inside diameter of 10 feet and 
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pumps, practically all of this steam being condensed in the aux- 
iliary heaters. The feed water passes from these heaters to the 
boilers through the economizers, where it is finally heated by the 
escaping gases from the boilers. 

Each of the main engines and the exciter engines exhaust into an 
independent condenser, furnished by the Wheeler Condenser and 
Engineering Company. The main condensing outfits consist of 
a Wheeler ‘‘Admirality’ surface condenser and an Edwards 
vertical triplex air pump. The circulating water is supplied by 
an independent pumping station, located some 1500 feet from the 
power house, and which supplies the condensing water through a 
30-inch main to all of the condensers. Condensing water is taken 
from the Bay of San Francisco and forced through the main by 
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THE 500-KILOWATT GENERATOR SET, 


being 125 feet high. These features, as they appeared during con- 
struction, are admirably brought out in two of the accompanying 
halftone engravings, which show the manner in which the econo- 
mizers are divided longitudinally by a division wall so that only 
one-half of the economizers on either side of the stack may be 
operated if desired. A pair of induced draught fans are placed on 
either side of the chimney at its base, each of these fans having 
wheels ro feet in diameter, operated by horizontal direct con- 
nected engines. The dampers and by-pass flues are so arranged 
that the gases from the boilers may pass either directly to the 
stack or through the economizers and fans. 

The feed water is furnished by three 1ox6x10 Snow duplex out- 
side center packed feed pumps. The water passes from the 
pumps through two large Goubert auxiliary feed water heaters, 
into which the exhaust steam is carried from all of the auxiliary 





THOUGH REFERRED TO AS ‘THE SMALLER SET.” IS ITSELF. FAIRLY IMPOSING. 
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four centrifugal pumps, manufactured by the Byron Jackson Ma- 
chine works, each pump being direct driven by a thirty-horse- 
power induction motor. The thirty-inch discharge pipe from the 
condensers siphons back into the bay, thus relieving the pumps 
from equivalent duty. The condensers are rectangular in form, 
the shells, water chambers and bonnets being of high grade cast 
iron; the tube heads of best quality composition, and the tubes of 
best quality seamless drawn brass, well tinned inside and outside. 
Patent screw glands for the tubes provide for the expansion and 
contraction of the tubes. 

The Edwards air pumps used are of unique construction, espe- 
cially in view of the fact that two-thirds of the number of valves 
ordinarily employed are eliminated from them. 

It will be seen from the accompanying drawing that the 
Edwards air. pump uses no induction valves, either in the suction 
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connections or in the pistons. It is for 
this reason that this form of air pump is 
known as the suction valveless type, the 
only valves being in the discharge plates, 
where they are readily accessible. Each 
air pump is operated by a fifteen-horse- 
power induction motor connected to the 
crank shaft through a single reduction of 
gears, as shown in the illustration on 
page 274. 

In the action of the Edwards pump, 
' the condensed steam flows continuously 
by gravity from the condenser into the base of the pump, 








[| Vol, XI—No, 12 


ponding increase of back pressure in the low pressure cylinder, it 
will be seen that in an air pump fitted with foot and bucket valves, 
increase of speed means loss of efficiency. In the present pump, 
however, the water is dealt with mechanically, and is in no way 
dependent upon the pressure in the condenser to drive it into the 
pump, consequently increase of speed does not impair its efficiency. 
One serious drawback to the old type of air pump is, that at high 
speeds the discharge is apt to be very intermittent. It frequently 
happens that for several revolutions, while the pressure in the 
condenser is accumulating, no water is delivered; but when the 
pressure is sufficient to open the foot valves and drive the water 
into the barrel, the pump has suddenly to deal with far more than 
its normal quantity of water, thus causing a series of violent 





EIGHT DOUBLE-DECK BABCOCK & WILCOX BOILERS CONSTITUTE THE ORIGINAL STEAM GENERATING EQUIPMENT. 


and is there dealt with mechanically by the conical bucket 
working in connection with a base of similar shape. Upon the 
descent of the bucket the water is projected silently and without 
shock at a high velocity through the ports into the working barrel. 
The rising water is followed by the rising bucket, which closes 
the ports, and, sweeping the air and water before it, discharges 
them through the valves at the top of the barrel. 

However slowly an air pump with foot and bucket valves may 
be running, the pressure in the condenser has to be sufficiently 
above that in the pump to lift the foot valves, overcome the 
inertia of the water, and drive the water up through the valves 
into the barrel. The higher speed of the old type of pump the 
greater is the pressure required to overcome these resistances, 
owing to the very short space of time available, and as any 
increase of pressurv: in the condenser is accompanied by a corres- 


shocks, and often culminating in a serious breakdown to some 
portion of the pump and driving gear, but in this pump the speed 
of the water corresponds to the speed of the bucket, and con- 
sequently the pump, having a smail and regular quantity of water 
to deal with at each revolution, is partic- 
ularly well suited to work at high speeds. | 
Another point of considerable impor- 
tance in the design of these pumps is that | 
clear air inlets are maintained through | 
the mechanism sketched in the sub- sane 
joined etching. In the old pump the air ame 
has to find its way through the water into 
the barrel as best it can, as the water 
traps or locks it out. This is similar to 
the locking back of sewer gas in a drain, 
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THE BOILERS AND ECONOMIZERS ARE BEST SEEN DURING INSTALLATION. 


but with this important difference, that in a drain only a small 
head of water is used to part or keep back the bad gases, the 
resistance of the water is small and the gas is not intended to 
pass through it; while in an air pump there is a greater head of 
water, the resistance is greater and the air is intended to pass 
through it. Thus it will be seen that in the old pump the water 
has been made the first consideration, while the air has seemingly 
received very little attention. 

In the Edwards pump, however, the position of these two func- 
tions has been reversed, the question of satisfactorily dealing with 
the air being considered as of primary importance. Under ordi- 
nary working conditions, when the bucket descends and the ports 
open, there is absolutely no obstruction between the condenser 
and the pump and the air has a perfectly free entrance into the bar- 
rel, while immediately afterwards the water is injected into the bar- 
rel at a high velocity. Thus, instead of obstructing the entrance of 
the air, the water tends to compress that already in the barrel, 
and to entrain or carry in more air with it. 

The main steam and exhaust piping about the Independent 
plant was made by the National Tube Company and the valves by 
the Chapman Valve Manufacturing Company. A 16-inch main is 
provided between the engines and boilers, to which it is connected 
by long radius bends made of extra heavy 12-inch pipe. This steam 
piping throughout is fitted with steel flanges, welded to the pipe, 
and all joints are tong: :d and grooved. Stratton receiver sepa- 
rators are placed in the steam branches to engines close to throttle 
valves. The plant at present is being operated with fuel oil. 
Steam jet burners are used, and the whole apparatus of the fuel 
oil system is of the simplest form. 

The steam units, which were built by McIntosh, Seymour and 
Company of Auburn, N. Y., consist of four main engines of the 
cross compound vertical type with overhung cranks; the fly-whee) 
and the generator being between the engine frames, and two 
smaller units of the tandem compound vertical type for driving 
the exciters. These engines are now in full operation and another 
large unit is now in course of erection. The three larger main 
units have cylinders 28 inches and 58 inches in diameter and are 48 
inches stroke, and at 165 pounds steam, condensing, and 116 revo- 
lutions per minute, are rated at 2400 indicated horsepower. The 
fourth or smaller main unit has cylinders 17 inches and 36 inches 
in diameter, is 30 inches stroke, and at 160 revolutions per 
minute is rated at 760 indicated horsepower. 

The cylinders and gridiron valves of these engines are of such 
importance that more than passing reference to their details is 
necessary. The cylinders are cast from a special mixture con- 
taining charcoal-iron. They are lagged with sheet steel, inclosing 
a thick layer of magnesia or asbestos non-conducting material. 
The cylinder-heads have ground joints. Patent combination 
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relief valves and drip-cocks of large diameter, provided at each 
end of the cylinder, are adjusted to open automatically in case of 
an abnormal rise of pressure in the cylinder from water or other 
causes. They do not stick or become inoperative from disuse, 
since they are regularly opened and closed by hand as ordinary 
drip-cocks. 

While small clearance space, correct steam distribution, small 
radiation and proper proportions all aid in securing high economy 
in an engine, the most essential feature, and the one in which the 
average engine is most deficient, is continued tightness of valves 
and pistons. A test of anew engine may show a low consump- 
tion of steam and the engine still be an uneconomical one for the 
purchaser if the wear of the valves soon causes them to become 
leaky. The flat gridiron valves, illustrated on the following 
page, are unbalanced, and the port edges are arranged so as to wipe 
over without forming shoulders, hence they tend to wear tight 
and remain so. The steam valves are free to lift, which gives 
additional security against damage from water in the cylinder. 
The valve seats are separate from the cylinder and are fitted with 
scraped joints, so as to be steam tight without packing. Both 
valves and seats are scraped to surface plates, and have their port 
edges, as well as oil and wipe-over grooves, accurately machined. 

In the valve gear the links which transmit motion to the valves 
are actuated by swinging rockers in such a way as to distort the 
motion as received from the eccentric, hastening the movement 
of the valve when near one end of its stroke, and at the other 
end causing a pause in its motion, so that while a rapid opening 
and closing of the the port is secured, the valve remains prac- 
tically still while closed. This feature and the large number of 
ports in the valve reduce the stroke necessary to give full port 
opening to from one-half inch up to one and one-half inches for 
cylinders of the largest size, and, since the movement of the valve 
takes place chiefly when it is open and relieved of the pressure of 
the steam, the wear, and also the power required to operate the 
valves, is reduced to a very small amount, and lubrication is made 
easy. 

The valve gear is simply an arrangement of links, rock-shafts 
and slides for transmitting the motion of the eccentrics to the 
valves. Its construction throughout is unusual, as compared with 
valve gears containing dash-pots or tripping devices, in that pro- 
visions are made for securing at all times smooth and quiet run- 
ning. Every part subject to wear is made adjustable, and since 
the movement of the parts is small and the bearing surfaces are 
large, adjustment to insure quiet operation is necessary only at 
infrequent intervals. The rock shafts, pins and links are made of 
open-hearth steel. Connecting links are fitted with bronze heads 
having quick taper-key adjustment, and the rock-shaft bearings 
are babbitted and are easily adjusted. Grease cups of sufficient 
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VALVE AND LINK MOTION OF THE M’INTOSH & SEYMOUR ENGINES. 


capacity to operate for long periods without refilling are provided 
for the automatic lubrication, while running, of the moving parts 
of the valve gear, avoiding the throwing of oil. The valve gear is 
arranged so as to equalize the cut-offs at both ends of the cylinder 
at all loads. The eccentric operating the cut-off valves is con- 
trolled by the governor, and the main valves are driven by a fixed 
eccentric controlling the admission of the steam and the opening 
and closing of the exhaust, one valuable feature of this arrange- 
ment being its perfect flexibility. Any one of the four operations 
of admission, cut-off, release or compression, and for either end of 
the cylinder, can be varied independently of the others by adjust- 
ment of the gear. 

The engines are, as stated, of the compound type, and they are 
furnished with steam jackets for both barrel and heads of the 
high pressure cylinder, and with an interheating receiver contain- 
ing heating coils of seamless brass tubing. The high-pressure jackets 
and the heating coils are piped in series, so that since the steam 
in the coils under boiler pressure is much hotter than the receiver 
steam, considerable of the former is condensed and a brisk circu- 
lation is insured through the high-pressure jackets. This is 
important, since an insufficient circulation or an improper arrange- 
ment of a system of jackets prevents any saving from their use. 

The saving effected by the jackets and interheating receiver as 
described varies with the conditions, but is greater proportionally 
with a high rate of expansion, such as is used with higher steam 
pressure. The diagram herewith gives the relative rate of steam 
consumption of an engine of the Independent type in regular 





INDUCTION MOTORS DRIVE THE CONDENSER PUMPS. 





service both with and without the use of the jackets and heating 
coils. This diagram was made up from an engine that ran under 
conditions which prevented a high economy from being secured, 
but it is believed that the results given will prove of interest, since 
the opportunity is seldom offered of testing an engine in actual 
service, both with and without the jackets and reheating coils, in 
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a thorough manner throughout a wide range of loads. As might 
be expected, the saving from use of jackets and heating coils in 
the receiver is shown to be greater with light than with heavy 
loads. They also have the effect of making the rate of steam 
consumption nearly constant for a considerable range below the 
point of most economical! load, which is an advantage for services 
when the load is fluctuating. In the diagram presented, curve A 











LOW AND HIGH TENSION SWITCHBOARDS IN THE POWER HOUSE. 
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CABLES ARE CONTROLLED BY HOOK-TYPE SWITCHES IN THE EIGHTH-STREET 
SUB-STATION. 


gives the water rate at different loads without jackets and heating 
coils, and curve B gives the corresponding water rates when jackets 
and heating coils are in use, including the water condensed in 
them. 

The main shafts are made of piled-and-faggoted hammered-iron 
forgings, the crank-pins are of forged steel, both the shaft and 
crank-pin being forced into the crank disk by hydraulic pressure. 
The disk is also securely keyed to the shaft, and is made of a 
mixture containing charcoal-iron. The connecting rod is of 
forged steel and is furnished with gib-and-key ends. Both crank- 
pin and crosshead-pin boxes are lined with babbitt hammered in 
and bored out, while the straps are provided with pinching bolts 
to prevent spreading. The main bearings have a length about 
twice their diameter, and they are provided with cylindrica’ shells 
which can be revolved around and taken out by simply jacking 
up the shaft to take the weight off the bearing. It is unnecessary 
to disturb other parts of the engine to do this, and this feature is 
particularly valuable, inasmuch as the generator armature is 
mounted direct upon the engine shaft. These shells are made 
hollow for water circulation, to serve as a safeguard in case the 
bearings should warm from dirt or other cause in order to enable 
the engine to complete its run. The bearings are provided with 
a positive feed self-oiling device in which rings at the end of the 
bearings throw off escaping oil into shields, whence it is conveyed 
to a large settling reservoir beneath the bearing. A small pump 
driven from the valve gear forces a continuous supply of oil from 
this lower reservoir to one situated above the bearing, from which 
it is fed by gravity on top of the bearing, keeping it constantly 
flooded with oil. The oil is kept free from contact with the air, 
and the arrangement is efficient, reliable and very economical in 
the use of oil. The crank-pins are oiled by centrifugal oilers and 
the eccentrics by telescope oilers in order to insure certainty of 
lubrication and to avoid throwing of oil, for which purpose oil 
shields are also provided for these parts. Provisions for oiling 
with stationary sight-feed adjustments are provided for these and 
the other main running parts. The details of these oiling devices, 
and also of the provisions for grease lubrication of the governor 
and valve gear, are designed so as to enable the engine to make 
long runs, and in many cases where the service is continuous 
these engines are regularly run without stopping for a number of 
days. The flywheels are held together at the rim joints by arrow- 
head links, and they are built up with each arm cast in one piece 
with a segment of the rim, the arms being held between hub 
plates at the center by three bolts extending through each arm 
and both hub plates, and the hub plates being forced on the shaft 
by hydraulic pressure. These flywheels were turned true after 
being mounted upon their present shafts. Each of the main units 
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is provided with a hand turning gear cut into the face of the fly- 
wheel so as to enable the engine to be turned by hand while being 
overhauled or adjusted. 

A great deal of care has been taken to adapt the engines to the 
exacting requirements of operating alternating current generators 
in parallel, in consideration of which the flywheels are very heavy 
to bring the deviation from uniform rotation within the limits 
allowable in such work. 

The governors, whice are of the centrifugal shaft type, are each 
equipped with a speed changing device driven by a small electric 
motor mounted on the governor weight. This allows the speed 
of each unit to be controlled over a considerable range from the 
switchboard, enabling the load to be shifted from one unit to 
another, or the synchronizing of the units from this point, and 
yet leaves the engines under control of the governor at all times. 
The governors are also equipped with automatic dash pots, which 
prevent the governors responding to the quick changes in 
speed due to electrical disturbances, such as the hunting of the 
generators on each other, but allow the governor to freely respond 
to changes in speed due to change of load or steam pressure. 

Tests showed the units to work perfectly in parallel even at only 
friction load. On one of the large units, while working at full 
load, cut-off, the circuit breakers were opened, and the rise in 
speed due to the sudden removal of load was only 4.5 per cent. 
The ordinary rise in speed on this engine from full load to no load 
was only .46 per cent. 

A seven hour economy test of one of the large units showed the 
consumption of dry steam at 160 pounds initial pressure and 26 
inches vacuum to be 12.75 pounds. The combined efficiency, or 
electrical horsepower at switch-board divided by the indicated 
horsepower of engine, was 89% per cent. at full load. 

The two engines driving the exciters are of the vertical piston 
valve high speed type, and have cylinders 11 and 19 inches in 
diameter by 15 inches stroke, and run at 200 revolutions per 
minute. These engines are center crank and the exciters are 
coupled direct to the end of the engine shaft. 

The electrical equipment of the entire system is, with a few 
minor exceptions, of the manufacture of the Westinghouse Elec- 
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tric and Manufacturing Company, and the installation may be 
accepted as representative of the most recent ideas relative to 
large urban steam station practice. The conditions of electric 
lighting and power service existing in San Francisco at the time 
the Independent plant was planned were those common to metro- 
politan duty in a city where manufacturing is in the rapid ascend- 
ency. The prospective growth of the city, its scattered industrial 
centers, the locations of large blocks of power at widely sepa- 
rated points, and the ever growing probability that the steam 
station would be ultimately operated in conjunction with electric 
power transmission service, together with the indisputable flexi- 
bility of the polyphase system, its high efficiency in all classes of 
duty, and its ready adaptability to the location of the power- 
house at a point favorable to the highest economy in the opera- 
tion of the steam plant—all these features and many others af- 
forded no escape from the conclusion that the polyphase system 
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generators ; two 100-kilowatt engine type direct current dynamos 
as exciters and seven 750-kilowatt raising transformers. An ad- 
ditional 1500-kilowatt generator, as well as two 750-kilowatt 
raising transformers, have been ordered and are now nearly ready 
for operation. These 1500-kilowatt generators run at a speed of 
116 revolutions per minute, and as they have sixty-two poles each, 
the frequency of the system of 7200 alternations per minute, the 
eleetromotive force delivered from the generator being 500 volts 
in two-phase current. The machines are, as stated, of the engine 
type, and they are as well of the rotating armature type, the ro- 
tating member being built upon a cast spider pressed upon the 
engine shaft. The external frame is divided in a vertical plane 
so that it may be removed away from the shaft to allow access to 
the windings. The separately excited field required is 190 amp- 
eres at 100 volts. The pole pieces of the fields are of laminated 
steel faced with copper plates and so proportioned as to reduce 





INTERIOR OF THE MISSION-STREET SUBSTATION, SHOWING SWITCHBOARDS, ROTARIES AND HIGH TENSION WIRING. 


of power generation, transmission and distribution was the one 
best suited for the service. 

Two-phase generation, three-phase transmission and a distribu- 
tion enabled to deliver two-phase current at either 115, 230, 440 or 
2300 volts, and direct current on the three-wire system at either 
[10, 220 or 440 volts, and alternating current arc lighting on either 
the constant current or constant potential circuits, outlines the 
bases of the system. To particularize further, the steam station 
at the Potrero delivers three-phase current to underground mains 
at 11,000 volts, at which it is transmitted first to the Eighth street 
substation, and thence through high tension mains to each re- 
maining substation, namely, the Hyde street, the Sacramento street 
and the Mission street substations. The Eighth street substation 
is therefore the principal high tension station. Each substation 
contains a full complement of transformers, regulators, rotaries, 
switchboards and accessories enabling it to deliver to the under- 
ground network the varieties of service already outlined. 

Returning to the power house, the electrical equipment therein 
consists of three 1500-kilowatt and one 500-kilowatt engine type 





the armature reaction and self induction to a low limit. The 
field coils are of strap copper wound on edge, and permit good air 
circulation, while the armature is of the slotted drum type, built 
up of laminations held together between end plates. A load 
of 1500 amperes per terminal at 500 volts may be thrown off the 
generator without effecting a rise of more than 6 per cent. in its 
electromotive force, with constant speed and constant separate ex- 
citation. The full load efficiency of the generator is 95 per cent., 
and the temperature rise for twenty-four hours, at full load, does 
not exceed 4o degrees Centigrade, while at 50 per cent. overload 
for one hour the rise in temperature does not exceed 60 degrees. 

Between each alternator and the set of raising transformers 
which it supplies are two alternating current voltmeters, one dial 
recording voltmeter, two circuit breakers with time relay,* one 
four-pole switch, two integrating wattmeters, two indicating watt- 
meters, and two dial wattmeters of the chart type. There is also 
provided a single-pole switch for connecting the ,enerators to a 
set of busbars used for holding the machines in multiple by 

*See THE JOURNAL, page 130, of the present volume, June, rgo!. 
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switching of the high tension side. Between the raising trans- 
formers and the high tension busbars there are also, for each set 
of raising transformers, three single-pole switches for connecting 
the respective raising transformer to the first set of busbars, three 
single-pole switches for connecting to the second set, and three 
single-pole switches for connecting to one outgoing feeder. 
Furthermore, there are six jaw switches connecting the busbars 
which receive current from the generators to the busbars which 
supply the outgoing feeders, the current capacity of these jaw 
switches being 300 amperes. Between each wire of each feeder, 
and one busbar of each of the two sets, there is a single-pole 
switch, making a total of twenty-four single-pole jaw switches 
with a current capacity of 150 amperes. For each feeder there is 
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between the exciter and the telephone booth in front of the main 
switchboard in the illustration, on page 269, may, if desired, be 
placed in operation in parallel with the exciter which is running. 
The motor is a 50-horsepower ‘“‘type C” induction motor driven 
by two-phase current at 500 volts direct from the generator bus- 
bars, while the generator is the ordinary 125-volt multipolar type. 
The motor-generator set is used only as a source of direct current 
supply for the operation of the 60-ton travelling crane, and such 
small direct current motors as are in use about the premises. 

The accompanying illustrations show the raising transformers as 
being placed on a gallery erected over the switchboards along the 
north side of the station, but since the photographs for them were 
taken the location of the raising transformers have been changed 





TRANSVERSE SECTION OF THE POWER HOUSE OF THE INDEPENDENT ELECTRIC LIGHT AND POWER COMPANY. 


a triple-pole high tension circuit breaker with time element at- 
tachment. On each feeder there are three ammeters of 200 
amperes capacity each, as well as the necessary synchronizing 
switches, : 
Each exciter, which has a capacity of 100-kilowatts at 125 
volts, is provided with an ammeter, a voltmeter, a recording volt- 
meter, rheostat, circuit breaker and two three-pole, double throw 
switches, by means of which the exciter may be connected to 
either or both sets of busbars. Between the direct current busbars 
in each generator field are two sets of switches for connecting 
the fields to either or both sets of busbars, also one ammeter and 
one field rheostat placed in the basement and controlled by the 
switchboard attendant through a hand wheel and standard. In 
addition to the exciters, a motor-generator set, which may be seen 


to a separate transformer building outside the main station, and 
the gallery has been for the greater part removed. The raising 
transformers are of the static type, being water cooled by a fresh 
water system kept in circulation by an air pressure tank which is 
supplied by an induction motor that drives a Quimby pump. 
This pump and motor are direct connected and operate auto- 
matically in that the motor is controlled by the air pressure of the 
receiving tank. The fresh water from the transformers is cooled 
by salt water taken from the condensing system of the steam 
plant. 

A full description of the underground transmission and dis- 
tributing system must be reserved for a future article. It may be 
said, however, that the Independent Pottery Company, which is 
now one of the substantial manufacturing industries of San Fran- 




















THREE-PHASE M.-T. SWITOHES ASSEMBLED. 


cisco, was organized primarily for the purpose of making the 
terra cotta ducts required for the building of the underground 
system of the Independent Electric Light and Power Company. 
The cables are of the jute and paper insulated and lead sheathed 
variety manufactured by the Standard Underground Cable Com- 
pany at its factory in Oakland, Cal. All circuits of the Independ- 
ent company are underground with the exception of the high 
tension circuits, which are carried by pole line over the hills 
through a sparsely settled district from the power house to the 
substation of the San Francisco and San Mateo Electric Railway 
Company, a distance of over four miles, and the distribution lines 
of the residence districts. 

The underground high tension system was laid out and installed 
with the idea that the Eighth-street substation should constitute 
the main high tension transfer station, in view of which it received 
four high tension circuits from the power house. From the 
Eighth-street substation high tension current is transmitted to 
each of the remaining three substations by means of either one or 
the other, or both, of two high tension cables which had been run 
to each substation. For making connection between the four 
incoming feeders and the six outgoing feeders there were pro- 
vided thirty-six single pole high tension switches, each having a 
capacity of 150 amperes. The details and methods of use of these 
switche», which are of the ‘‘M.-T.” variety, have been described 
in these columns heretofore*, hence it is only necessary to explain 
that the switch, which is of the fused variety, consists of a fixed 
hinge and two fixed clips (all being independently mounted on 
4%-inch Locke insulators), and a fuse and switch lever about 
three feet long, which, when secured in the insulated hinge, may 
be used to close the circuit into either clip. Each of the sub- 
stations are provided with these switches, which are arranged on 
iron gas-pipe framework suspended from the ceiling. The high 
tension lead covered cables are taken almost to the ceilings of the 
substation, where they are brought out through cable heads of 
the form shown in the illustration of high tension switchboard 
wiring shown on page 275, and carried thence by short leads to 
the high tension busbars overhead. These busbars are so arranged 
that either set of transformers may be thrown on to either cable 
by the manipulation of the ‘‘M.-T.” switches. Each substation is 
supplied through an independent trunking cable direct from the 
power house, but through the intervention of the high tension 
switches in the Eighth-street substation and in the respective 
substations. 

There are three sets of 400-kilowatt lowering transformers in 
the Eighth street substation, each set receiving three-phase cur- 
rent at 10,000 volts, and delivering two-phase current at nominally 
2000 volts. There are also two 400-kilowatt 500-volt rotary con- 
verters and four 250-kilowatt static transformers for supplying the 
same in this substation. The required efficiency is 92 per cent. at 
full load, and each is started by a twenty-five horsepower induction 
motor designed for receiving two-phase current at 380 volts. 


yee *“Some Suggestions in High Tension Switching,”’ by R.S. Masson. Vol- 
ume XI, page 117, June, Igor. 
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Two other 400-kilowatt rotaries with a similar equipment to that 
in the Eighth street substation are in operation in the new 
Sunnyside substation of the San Francisco and San Mateo Elec- 
tric Railway Company, situated about a mile southerly beyond 
the old Sunnyside steam station of the San Mateo system. These 
rotaries have been in constant daily service for over eighteen 
months, and although they are almost weekly subjected to over- 
loads varying from 100 to 200 per cent., they have proved reliable 
at all times. Pending the installation of the new 1500-kilowatt 
unit with the increase in the steam plant referred to as being 
made in the Independent station, the old Sunnyside steam plant 
of the San Mateo railway company has been again placed in 
commission because of the fact that the load on the Independent 
circuits are above the capacity of the present plant. 

Reverting to the Eighth street substation, in addition to deliver- 
ing current at 500 volts to the San Mateo system, the rotaries 
therein deliver direct current independently to the direct current 
three-wire service, and it is a noteworthy commentary on the 
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efficacy of alternating current distribution to state that the entire 
electric service rendered by the Independent Electric Light and 
Power Company, whether it be for arc or incandescent lighting, 
stationary or railway motor duty, is operated in parallel in view of 
which the voltage regulation is sufficiently good to satisfy all 
commercial demands. How this is attained will be fu ly detailed 
in the subsequent article, which, as stated, is to follow, on the 
distributing system of the Independent company. The instru- 
ments in the Eighth street substation are as follows: Each set of 
the 400-kilowatt lowering transformers is supplied with six single- 
pole high tension fuse circuit breakers for connection to either of 
the two incoming three-phase feeders. Between the secondaries 
of each set of lowering transformers and the 2000-volt busbars are 
mounted one ammeter for each transformer and two double-pole 
double-throw switches for connecting the transformer secondaries 





M.-T. SWITCHES IN 11,000-VOLT SERVICE. 
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to either of two sets of four-wire busbars. For each set of busbars 
there is one voltmeter with proper plug and receptacles, so that 
it may be connected to either of the two phases. Provision is also 
made for four outgoing two-phase four-wire feeders with the 
necessary double-throw switches, so that each feeder may be con- 
nected to either set of 2000-volt busbars. These feeders being 
provided with two ammeters and two single pole circuit breakers. 
The set of four 250-kilowatt lowering transformers supplying 
current to the rotary converters are provided with six high tension 
‘*M.-T.”’ fuse switches, enabling the transform- 
ers to be connected to either incoming high 
tension feeder. Between the lowering trans- 
formers and the rotary converter are two am- 
meters and one four-pole switch, while between 
the direct current terminals of the rotary con- 
verter and the busbars there is a voltmeter, 
a circuit breaker, a double-pole switch and an 
ammeter. In further connection with this 
apparatus there is one direct current field 
ammeter, one four-pole switch for the start- 
ing motor and the necessary apparatus for the 
Lincoln synchronizers.* In connection with 
each rotary converter there is a Hartford 
regulator with series converters for changing 
the alternating electromotive force supplied to 
the rotary converter so that the direct current 
voltage which it delivers may be varried from 
200 to 300 volts. The direct current panel for 
each rotary contains provision for handling the 
two two-wire 220-volt direct current feeders by 
means. of a 500-ampere circuit breaker and 
ammeter and a double-pole switch. Direct 
current distribution from the three-phase sys- 
tem is effected by means of the Lamme 
system,+ by means of which direct current 
service on the three-wire system is delivered 
at 110 and 220 volts. A further interesting 
feature is that in the manufacturing districts 
the 220-volt direct current motor service is de- 
livered on a 440-volt three-wire system. 

The apparatus in the remaining three sub- 

M. T. FUSED stations of the Independent company is prac- 
E3 iswiton Lever. tically identical with that in its Eighth street 
i? ween substation with the exception that their rotaries 
have a capacity of 250 kilowatts and are started by fifteen horse- 
power induction motors and that the lowering transformers for 
the rotaries each have a capacity of 150 kilowatts. 

The alternating current distribution is at a primary pressure of 
2300 volts, as delivered from the lowering transformers in the 
sub-stations, These 2300-volt circuits supply power to 50-kilowatt 
man-hole transformers of the three-wire secondary variety for the 
operation of incandescent circuits at 115 and 230 volts. The two 
phases of the distribution are of course kept entirely separate so 
far as the lighting load is concerned, but the power service is 
rendered on the two-phase system in voltages commensurate with 
the sizes of motors used. 

As stated, the electrical equipment of the plant is almost ex- 
clusively of the manufacture of the Westinghouse Electric and 
Manufacturing Company throughout, the only material excep- 
tion being in the fact that some 1€0 transformers were built by 








the Wagner Electric Manufacturing Company upon the specifica- © 


tions of the Independent company. To particularize, the sizes of 
these transformers, and the number of each, were as follows: Five 
kilowttt, 55; 1234-kilowatt, 44; 183(-kilowatt, 10; 25-kilowatt, 30; 
so-kilowatt, 25. A number of General Electric induction motors, 
in both single-phase and polyphase types, are also in use on the 
distribution circuits. 


*See illustrated description on page 252 of the last issue of THE JOURNAL. 
tVide THE JOURNAL, Volume VI, Page 100, November, 1898. 
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THE LA SARRAZ TRANSMISSION. 
BY FRANK C. PERKINS. 


HE high tension power transmissions of Europe are always 
of interest, as each has some point worthy of study and 
careful consideration. The La Sarraz Polyphase Power 

Transmission was installed by the Maschinenfabrik Oerlikon of 
Oerlikon, Switzerland. In this installation the water is carried a 
total distance of one and five-tenths kilometers, part of which is 
through a cement conduit, a distance of 1502 meters, and a tun- 
nel of 150 meters, the average grade being 1.5 per cent. The 
high pressure pipe line consists of steel tubing six and three-tenths 
meters long and having a thickness of five millimeters. The total 
length of this pipe line is 510 meters, with a grade 123 millimeters 
per meter length. The total hydraulic head is 43 meters, with a 
normal discharge of 700 liters of water per second. 

In the turbine room, as will be seen in the accompanying il- 
lustration, are two high pressure turbines each directly connected 
to a three-phase alternator of the Oerlikon type. There is also a 
steam engine for reserve. The high pressure turbines each have 
a capacity of 175 horsepower at 500 revolutions per minute, and it 
is claimed that the load thereon can be varied within any range up 
to full load without affecting the efficiency. The turbine regu- 





TURBINE ROOM OF THE LA SARRAZ TRANSMISSION PLANT. 


lation may be obtained manually or automatically as desired and 
the turbines are connected to the alternators by a flexible insula- 
ting coupling of the Cachin system. 

The reserve steam plant consists of a boiler, engine and con- 
denser, with the necessary additional equipment. The working 
pressure of the boiler plant is ten atmospheres, while the heating 
surface is 110 square meters and the water capacity 4900 liters. 
The engine has a total capacity of 120-horsepower at ten atmos- 
pheres pressure and operating at 142 revolutions per minute. Of 
the two alternators only one is in continuous operation, the other 
being kept as a reserve. During eight months of the year the 
turbines are used, but during the dry season the steam plant is 
used. The generators are very carefully insulated from the earth 
and are so arranged, as seen in the accompanying illustration, 
that either machine may be operated by the steam engine or by 
its turbine. The alternators supply a three-phase current at 5200 
volts. The frequency is fifty cycles, while the full load efficiency 
is 91 percent. Each generator armature has thirty-six grooves 
and eighteen coils per phase, and each coil has thirty-four turns 
of copper 3/3.6 millimeters in diameter. The machines are drum 
wound and the exciters are directly coupled to the end of the 
generator shaft, as shown in the illustraton. Behind the switch- 
board are mounted the necessary high tension main switches and 
instrument transformers. There is also a transformer for supply- 
ing a 160-volt circuit for lighting the turbine, generator and 
engine room and switchboard room. Near the switchboard room 
is a transformer room, in which is installed step-down transformers 
for supplying a local village lighting circuit and also a local power 
circuit at 160 volts. 

The long distance light and power distribution line has a work- 
ing potential of 5200 volts and supplies current to various places 
along the line, whichis nineteen and nine-tenths kilometers long. 
The various sub-stations are equipped with a total of 125 step- 
down transformers, supplying current to low pressure distribution 
lines of a total length of 11.795 kilometers. 

The high tension power transmission line consists of three 
copper conductors mounted on high tension porcelain insulators, 
the total length of copper on this line being 59.7 kilometers. 
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VotumE XI DECEMBER, 1901 NUMBER 12 
EDITORIAL. 

During the present month there will 

be held in San Francisco the annual 

THE CONQUEST meeting of the California Water and 

= a Forest Association, and this fact, together 


with the able message of President Roose- 
velt to Congress, has revived the atten- 
tion of the Western world to forestry and irrigation in a 
manner which has never occurred before. Reinforcing all 
are the untiring efforts of the National Irrigation Associa- 
tion, which, in its most recent literature, points out that 
one-third of the entire area of the United States, exclusive 
of Alaska, is public land, of which irrigation would trans- 
form one hundred million acres from desert wastes into 
fertile fields; in fact arid America, if it were reclaimed 
by irrigation, would sustain a greater population than the 
whole United States contains today. 


Cal 


In a nutshell, the central and controlling motive and 
object of the irrigation movement is to create milliors of 
happy and prosperous American homes in parts of our 
territory now utterly desolate and uninhabitable, and to 
do this in a way which will beyond all question benefit 
every class of our people and every section of our country. 
If we are to accomplish this the public lands must be 
reserved for actual settlers and home builders. Its fur- 
ther absorption must be stopped. ‘The necessity for this is 
clearly shown in a series of invaluable articles by Mr. J. D. 
Whelpley, now being published in Harper's Weekly, 
upon ‘‘The Nation as a Landowner”’. 


re] 
Among the subjects to receive the consideration of the 


coming session of the California Water and Forest Asso- 
ciation, are matters regarding the policy of leasing the 
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public lands in the arid and semi-arid States and Terri- 
tories west of the Missouri river in large quantities for 
cattle ranges, and the effect of such policy upon the irri- 
gation of the irrigable lands in that region and upon the 
ultimate settlement and development of the country; 
favoring Federal supervision of a true forestry policy 
relating to both Government and private lands in the 
State of California; considering the expediency of appeal- 
ing to State legislation in the interest of the preservation 
of the forested areas of California by the application of 
scientific principles to the removal of ripened timber and 
the preservation of growing timber; reiterating the neces- 
sity of an increase in the forest reservations of the State, 
especially at the headwaters of its principal streams, and 
also reiterating the advisability of an appropriation by 
the State to be expended in collaboration with the United 
States geological survey and irrigation investigations of 
the Department of Agriculture. 


as 


President Roosevelt is the first chief executive to recog- 
nize and give able, succinct and universally satisfactory 
expressions of official endorsement to the vital needs of 
the arid portions of the great West, for indeed the discus- 
sion of the subject embodied in his first message to con- 
gress shows him to be a complete master of it. His love 
of nature is evidenced in its paragraphs relative to the 
preservation of forests and its bird and animal inhabi- 
tants, after which he continues : 


The forests are natural reservoirs. By restraining the streams 
in flood and replenishing them in drought they make possible the 
use of waters otherwise wasted. They prevent the soil from 
washing, and so protect the storage reservoirs from filling up with 
silt. Forest conservation is, therefore, an essential condition of 
water conservation. 

The forests alone cannot, however, fully regulate and conserve 
the waters of the arid region. Great storage works are necessary 
to equalize the flow of streams and to save the flood waters. 
Their construction has been conclusively shown to be an under- 
taking too vast for private effort. Nor can it be best accomplished 
by the individual states acting alone. Far-reaching interstate 
problems are involved; and the resources of single states would 
often be inadequate. It is properly a national function, at least in 
some of its features. It is as right for the national Government to 
make the streams and rivers of the arid region useful by engineer- 
ing works for water storage as to make useful the rivers and the 
harbors of the humid region by engineering works of another 
kind. The storing of the floods in reservoirs at the head waters 
of our rivers is but an enlargement of our present policy of river 
control, under which levees are built on the lower reaches of the 
same streams. 

The Government should construct and maintain these reser- 
voirs as it does other public works. Where their purpose is to 
regulate the flow of streams the water should be turned freely into 
the channels in the dry season to take the same course under the 
same laws as the natural flow. 

The reclamation of the unsettled arid public lands presents a 
different problem. Here it is not enough to regulate the flow of 
streams. The object of the Government is to dispose of the land 
to settlers who will build homes upon it. To accomplish this 
object water must be brought within their reach. 

The pioneer settlers on the arid public domain chose their 
homes along streams from which they could themselves divert the 
water to reclaim their holdings. Such opportunities are practi- 
cally gone. There remain, however, vast areas of public land 
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which can be made available for homestead settlement, but only 
by reservoirs and main-line canals impracticable for private 
enterprise. These irrigation works should be built by the nationa, 
Government. The lands reclaimed by them should be reserved 
by the Government for actual settlers, and the cost of construc- 
tion should be, so far as possible, repaid by the land reclaimed. 
The distribution of the water, the division of the streams among 
irrigators, should be left to the settlers themselves in conformity 
with state laws and without interference with those laws or with 
vested rights. The policy of the national Government should be 
to aid irrigation in the several states and territories in such man- 
ner as will enable the people in the local communities to help 
themselves, and as will stimulate needed reforms in the state laws 
and regulations governing irrigation. 

The reclamation and settlement of the arid lands will enrich 
every portion of our country, just as the settlement of the Ohio 
and Mississippi valleys brought prosperity to the Atlantic states. 
The increased demand for manufactured articles will stimulate 
industrial production, while wider home markets and the trade of 
Asia will consume the larger food supplies and effectually prevent 
Western competition with Eastern agriculture. Indeed, the pro- 
ducts of irrigation will be consumed chiefly in upbuilding local 
centers of mining and other industries, which would otherwise not 
come into existence at all. Our people as a whole will profit, for 
successful home-making is but another name for the upbuilding 
of the nation. 

The necessary foundation has already been laid for the in- 
auguration of the policy just described. It would be unwise to 
begin by doing too much, for a great deal will doubtless be 
learned, both as to what can and what cannot be safely at- 
tempted, by the early efforts, which must of necessity be partly 
experimental in character. At the very beginning the govern- 
ment should make clear, beyond shadow of doubt, its intention to 
pursue this policy on lines of the broadest public interest. No 
reservoir or canal should ever be built to satisfy selfish personal 
or local interests; but only in accordance with the advice of 
trained experts, after long investigation has shown the locality 
where all the conditions combine to make the work most needed 
and fraught with the greatest usefulness to the community as a 
whole. There should be no extravagance, and the believers in 
the need of irrigation will most benefit their cause by seeing to it 
that it is free from the least taint of excessive or reckless ex- 
penditure of the public moneys. 

Whatever the nation does for the extension of irrigation should 
harmonize with and tend to improve the condition of those now 
living on irrigated land. We are not at the starting point of this 
development. Over two hundred millions of private capital has 
already been expended in the construction of irrigation works, 
and many million acres of arid land reclaimed. A high degree of 
enterprise and ability has been shown in the work itself, but as 
much cannot be said in reference to the laws relating thereto. 
The security and value of the homes created depend largely on 
the stability of titles to water, but the majority of these rest on 
the uncertain foundation of court decisions rendered in ordinary 
suits at law. With a few creditable exceptions the arid states 
have failed to provide for the certain and just division of streams 
in times of scarcity. Lax and uncertain laws have made it pos- 
sible to establish rights to water iv excess of actual uses or neces- 
sities and many streams have already passed into private owner- 
ship or a control equivalent to ownership. 

Whoever controls a stream practically controls the land it 
renders productive, and the doctrine of private ownership of 
water apart from land cannot prevail without causing enduring 
wrong. The recognition of such ownership, which has been 
permitted to grow up in the arid regions, should give way toa 
more enlightened and larger recognition of the rights of the 
public in the control and disposal of the public water supplies. 
Laws founded upon conditions obtaining in humid regions, where 
water is too abundant to justify hoarding it, have no proper ap- 
plication in a dry country. 

In the arid states the only right to water which should be recog- 
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nized is that of use. In irrigation this right should attach to the 
land reclaimed and be inseparable therefrom. Granting per- 
petual water rights to others than users, without compensation to 
the public, is open to all the objections which apply to giving 
away perpetual franchises to the public utilities of cities. A few 
of the Western states have already recognized this and have in- 
corporated in their constitutions the doctrine of perpetual state 
ownership of water. 

The benefits which have followed the unaided development of 
the past justify the nation’s aid and co-operation in the more dif- 
ficult and important work yet to be accomplished. Laws so vitally 
affecting homes as those which control the water supply will only 
be effective when they have the sanction of the irrigators; reforms 
can only be final and satisfactory when they come through the 
enlightenment of the people most concerned. The larger de- 
velopment which national aid insures should, however, awaken in 
every arid state the determination to make its irrigation system 
equal in justice and effectiveness that of any country in the civi- 
lized world. Nothing could be more unwise than for isolated 
communities to continue to learn everything experimentally 
instead of profiting by what is already known elsewhere. We are 
dealing with a new and momentous question in the pregnant 
years while institutions are forming, and what we do will affect 
not only the present but future generations. 

Our aim should be not simply to reclaim the largest area of 
land and provide homes for the largest number of people, but to 
create for this new industry the best possible social and industrial 
conditions; and this requires that we not only understand the ex- 
isting situation, but avail ourselves of the best experience of the 
time in the solution of its problems. A careful study should be 
made, both by the nation and states, of the irrigation laws and 
conditions here and abroad. Ultimately it will probably be neces- 
sary for the nation to co-operate with the several arid states in 
proportion as these states, by their legislation and administration, 
show themselves fit to receive it. 

al 


Forestry and irrigation matters have long been regarded 
with lukewarm indifference, but now that the country is 
awakening to the importance of the subject—now that 
the chief executive has given it the impetus of his mighty 
influence—it is probable that something tangible will 
result. The fortunes of war have given America new 
fields of occupation, development, cultivation and civiliza- 
tion; but here within the confines of our own mother 
borders are millions upon millions of acres which need 
only the quickening influences of water to make them 
blossom and bloom into productive fertility. In irriga- 
tion is to be found the home missions of the future 
development of American agriculture—may some of the 
millions of treasure which go into the arts of war for for- 
eign missions be conserved and diverted into this art of 


peace for domestic development. 
wt 


Do we of engineering penchants possess even a sugges- 
tion of a realization what the carrying out of the national 
scheme of irrigation means? It means the impounding 
and conserving of the flood waters and the equalization 
of flow of the rivers and streams contiguous to the arid 
section; it means that the government will afford facilities 
for the utilization of its incalculable water power; and it 
means that this water power will find its market through 
the medium of electric power transmission. 

Again let it be said that no man can foresee the possi- 
bilities in store for transmission interests, even in this 
direction alone. 





























DISTRIBUTION BY THE THREE-PHASE SYSTEM.* 
BY W. L. ® EMMET. 


INCE the single-phase alternating distribution preceded 

the use of polyphase currents, there has naturally been a 
tendency to continue its use, and a full appreciation of 

the advantages of polyphase currents has not been 
acquired by many of the practical men who handle distribution 
problems. The first uses of the polyphase currents were for power 
alone, the old single-phase lighting system being unchanged. As 
time has gone, however, the use of single-phase apparatus has 
steadily diminished, and the production of polyphase apparatus 
has increased; and although there is still some demand for single- 
phase generators, an investigation will show that the best 
informed electrical engineers have now discarded them altogether. 
An extensive experience with a single-phase, two-phase, three- 
phase and other apparatus, has led me to believe that for almost 
all purposes of lighting and power distribution the three-phase 
winding is the most desirable for central station generators, and 


‘that two-phase and single-phase windings have, in the great 


majority of cases, no good reason for existence. : 

It is not necessary to enumerate all the advantages of the three- 
phase system, but it may be said that among the reasons for its 
universal adoption are that the three-phase generator is better 
than the two-phase generator for single-phase operation, where 
single-phase operation is required, and further, that the three- 
phase generator when used as a single-phaser is practically as good 
and as cheap as it wonld be if it had been designed particularly for 
single-phase uses. Thus it can meet the two-phaser or the single- 
phase on equal terms in their own field and at the same time can 
afford its own special advantages. 

When a three-phase generator is to be operated on a single- 
phase circuit, it is generally desirable to use a ‘‘Y” connected 
winding, although with certain types of windings the delta con- 
nection will give equally good results. With such a winding the 
three-phase machine, as ordinarily designed, will carry from 75 
per cent. to 85 per cent. of its rated load in single-phase current 
between two conductors with the same heating which would be 
produced by operation at its rated capacity with balanced three- 
phase current. If motors or rotary converters are connected to a 
three-phase generator which is operating with single-phase load, 
these motors or converters will tend to equalize the load between 
phases and thus may increase the capacity of the system. When 
a three-phaser is partly loaded with single-phase currents between 
two of its wires, the unused phases may naturally be loaded with 
other single-phase currents, thus giving various degrees of un- 
balancing between the three phases and, with normal heating, will 
vary from 75 per cent. to 100 per cent. of the total three-phase 
capacity. 

The statement that the three-phaser will carry 75 per cent. of its 
rated load in a single-phase current frequently leads the customer 
to ask: ‘‘ Why should I buy such a machine to deliver single-phase 
current when I can get a single-phaser which will deliver its full 
rated capacity with normal heating?’’ The answer to this question 
is that the three-phaser designed for a given single-phase output 


‘has about the same size and cost as the machine designed for 


single-phase alone, the apparent inconsistency lying in the fact 
that a three-phaser for a given output is cheaper and smaller than 
a single-phaser. 

While purchasers of three-phase generators have frequently 
made special demand for large single-phase capacity, there are in 
point of fact, very few cases where it is necessary or desirable to 
operate three-phase machines exclusively on single-phase load. 
Companies that operate single-phase circuits can almost invari- 
ably divide their circuits roughly into groups, putting some of 
them on one phase and some on the others. The only portion of 
a lighting company’s load which cannot be advantageously divided 
between the phases is the low tension, interconnected distributing 
system, if sucha system is used. Even where such systems are 


*A paper read at the 158th meeting of the American Institute of Electrical 
Engineers, New York and Chicago, November 22, Igor. 
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used they never include the whole lighting distribution of the 
company and there will always be outlying circuits which can be 
operated from other phases. There are also, in most cases, trans- 
formers for are lighting and other kinds of single-phase load 
which can be put upon the least used phases, and which will thus 
tend to help out the balance of the system. Many purchasers 
think that it is necessary to buy a single-phase generator because 
they use single-phase circuits, whereas the approximate division 
of these circuits between the phases would involve no difficulty 
whatever. 

Since the normal single-phase capacity of a three-phaser is 
about 80 per cent., since all motors and rotary converters tend to 
equalize the balance, and since there is always scattering single- 
phase load which can be conveniently put upon the lightly loaded 
phases, we may practically consider that the three-phase genera- 
tor can be used at its rated capacity on any system. 

If the three-phase generator is operated with single-phase load, 
or with seriously unbalanced load, there will generally be a 
marked potential difference between its phases. The phase carry- 
ing load will show the drop in potential which such load would 
ordinarily occasion on a similar single-phase machine; one of the 
disused phases will generally show a higher voltage and the other 
a lower voltage. With machines of good inherent regulation, 
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FIG. 1.---FOUR-WIRE THREE-PHASE LOW TENSION SYSTEM. 


such as are now generally used for lighting purposes, these dif- 
ferences are small and can readily be taken care of by regulators 
in feeder circuits. Where three-phase generators are operated on 
single-phase, three-wire distributing systems, the general practice 
is to regulate the generator to give the desired voltage on the 
three-wire system, and to control by regulators the voltage of cir- 
cuits connected to the other phases. The variations of voltage on 


‘these other phases may, in some cases, be actually a convenience, 


since between the three phases a voltage can often be selected 
which will nearly suit the requirements of any feeder. 

Two systems of low tension distribution for lighting are used 
and recommended in connection with three-phase generators, viz.: 
the single-phase, three-wire system and the three-phase, four-wire 
system. When the single-phase, three-wire system is used, the 
generator is generally somewhat unbalanced by the large demand 
for single-phase current which the three-phase wire system creates- 
and the voltage is regulated with reference to the needs of the 
three-wire system. The primary circuits are so arranged as to 
deliver power through transformers to low tension network. The 
transformer secondaries are provided with three leads, one for the 
neutral and one for each of the outside wires. Since the drop in 
high tension lines is small and since transformers can be put 
wherever they are needed, it is easy to arrange an alternating 
three-wire system in such a manner that it will give very perfect 
voltage distribution in all parts of the area which it supplies. In 
direct current, three-wire systems, we naturally have to deal with 
large and variable feeder losses, which, in spite of the most care, 
ful arrangements, must seriously interfere with the maintenance 
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of good regulation. In alternating three-wire systems the regu- 
lation should, with intelligent handling, be practically perfect. 
The other method which is available for low tension distribution 
with three-phase dynamos is the four-wire three-phase system. 
This system is supplied from groups of transformers, with three 
in each, their secondaries being connected in ‘‘ Y’’ from a neutral. 
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FIG. 2.---THREE-PHASE GENERATOR WITH SINGLE-PHASE THREE-WIRE LOW 
TENSION SYSTEM. 


The secondary voltage of each transformer is that suitable for the 
lasaps which it is desirable to use. In action, this arrangement is 
equivalent to the ordinary three-wire system, except that it has 
three branches and a neutral instead of two branches and a 
neutral. The copper economy is practically the same in both, the 
advantage being slightly in favor of the four-wire three-phase 
system, since the neutral need not be quite so large. This system 
also has the advantage that its outside wires are available for 
operating motors. Another advantage is that it affords a balanced 
load to the three-phase generators, if the four-wire system is kept 
in balance. 

The arrangement of these methods of secondary distribution is 
illustrated by Figs. 1, 2 and 3. From these diagrams it will be 
seen that it is necessary to use four wires with either, if motors are 
to be operated. Where the single-phase three-wire system is 
used, it is necessary to run a separate power wire which can be 
energized from a transformer, and which, with the outside wires 
of the three-wire system, affords three-phase currents for operat- 
ing motors. 

The four-wire three-phase system cannot be advantageously 
used in all cases. Where it can be consistently used on a large 
scale it is probably the most desirable method of secondary dis- 
tribution. It should not be used, however, where the conditions 
are such that the three-phase system must be seriously unbalanced 
by arc light transformers or other unavoidably unbalanced load. 
Generally it is not desirable unless its arrangement is complete 
and the whole plant is arranged and operated with reference to 
its use. In the rearrangement of the existing plants it will gener- 
ally be expedient to use the single-phase three-wire system oper- 
ated from three-phase generators as described above. 

In distributing electricity over considerable areas it is desirable 
to keep in view certain general principles in order that proper 
voltage distribution may be obtained. Some of the variations 
which affect voltage regulation are controllable from the station, 
while others are beyond such control, and consequently can be 
only partly equalized by the maintenance of a desirable average 
condition at the main station; even where controlling apparatus 
is provided in the main station the regulation may be imperfect 
unless considerable expense is incurred for labor necessary to the 
intelligent handling of such controlling mechanism. The follow- 
ing simple rules should always be kept in view when distribution 
systems are being arranged : 
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First—Reduce the number of circuits to be regulated to a mini- 
mum. 

Second—So arrange the system that variations not controllable 
from the main station are made as small as possible. 

Third—Reduce the amount of total drop on all circuits so that 
frequent changes will not be necessary. 

Fourth—Interconnect the load in large groups so that any 
variable load unit will be small in comparison to the whole of 
which it forms a part. 

The proper application of these rules will generally lead to an 
arrangement where the number of feeders is small, each feeder 
carrying the maximum amount of power which it is desirable to 
transmit over a single line. Each feeder will supply a compact 
primary network or a set of short primary branches, the loss 
beyond the feeder end being small so that a good voltage regula- 
tion at the feeder end will ensure good service to all the customers 
connected to that feeder. To get such a result the load must, of 
course, be connected near the feeder end instead of being scattered 
throughout its length. 

A method of primary distribution has been used and advocated 
to a considerable extent which frequently lends itself very well 
to the accomplishment of the results above mentioned. This 
system is illustrated by the accompanying diagram. The ‘“Y” 
connected generator is used with windings arranged to give about 
2300 volts between the neutral point and each outside wire. Such 
a generator may be loaded as if it were three separate single-phase 
machines, the neutral being used as a common return for all the 
circuits. The standard 2300-volt transformers are adapted to use 
between the neutral and any of the outside conductors. The usual 
method of applying this system is to run out long four-wire feeders, 
At the end of each four-wire feeder there may be a loop ora 
branching of the four-wire system so that it is brought near to all 
parts of the area to be supplied. The transformers for lighting 
purposes are connected to short two-wire branches, which connect 
to the four-wire feeder at or near its end, the arrangement of these 
branches being such as to give an approximately balanced load 
on the four-wire system. If the load is balanced there will be no 
current in the neutral. Even if the unbalancing is considerable, 
the drop in the neutral will be so small that it will only slightly 
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FIG. 3.---HIGH TENSION FOUR-WIRE THREE-PHASE SYSTEM. 


affect the voltage conditions. Regulators can be used in the main 
stations in each of the outside conductors, and these in combina- 
tion with compensated voltmeters can maintain the desired 
potential at the feeder end between each of the outside conductors 
and the neutral. The neutral conductor should preferably be 
grounded in the main station so that the maximum voltage to 
ground on any of the transformers will be 2300 volts. 

With a rough approximation to balance we virtually have, by 
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this system, three-phase transmission at 4000 volts, the voltage 
between the outside wires being about 4000, when we have 2300 
volts between each wire and the neutral. The system thus affords 
means by which we can economically distribute over large areas 
without the use of step-up transformers. 

When this system is used, it may often be desirable to operate 
lines in the immediate vicinity of the power station from single- 
phase branches instead of running out the four-wire feeders. The 
neutral should simply be used as a common return where con- 
venient, and the long lines should be so arranged that the common 
return will be as effective as possible. Wherever motors are used 
it is, of course, mecessary to get access to all three of the outside 
conductors, 

The great improvements which have recently been made in 
automatically regulated three-phase generators have made it 
economical and desirable to use such machines in many cases 
where direct current apparatus would heretofore have been adpoted. 
The alternator is simpler, more efficient and less liable to trouble 
than the direct current machine, and it is often desirable to use it 
even where long distance transmission is not required. There are 
also many cases where the principal loads are found in the imme- 
diate vicinity of the installation, but where there are certain long 
branch lines which it is desirable to operate at high voltage. I¢ 
low tension alternating current generators are used, such trans 
mission lines can always be taken care of by step-up transformers 
The system recommended for such low voltage alternating dis. 
tribution is the four-wire three-phase system operated from a low 
voltage ‘‘Y’’ connected alternator. The winding of the alterna- 
tor is such that the voltage of lamps is provided between its 
neutral and its outside wires. A four-wire network is supplied 
from the machines through suitable feeders, the lights being 
operated in approximate balance between the outside wires and 
the neutral, and standard motors being connected to the outside 
wires where desired. If the standard 220-volt motors are used the 
desirable lamp voltage will be about 125, and with 440-volt stan- 
dard motors 250-volt lamps will generally be suitable. The system 
of distribution with the higher voltage can be extended over con- 
siderable areas with small expense for copper, and is very desirable 
for mill lighting and many other purposes. 

Such low voltage alternating work is desirable for railroad 
yards, summer hotel properties, colleges, private estates and other 
similar installations. 





THE FUNCTIONS OF ARRESTERS AND CHOKE COILS.* 


LECTRICAL apparatus may receive injuries of two sorts from 
lightning, namely, grounds and short circuits. Grounds 
are caused by an abnormal rise of potential of the insu- 
lated portions of the apparatus above that of the earth. 
But as any properly designed piece of apparatus has sufficient in- 
sulation strength to withstand a potential considerably higher 
than that normally impressed upon it, a lightning discharge must 
cause a very considerable rise in the potential of the circuit to 
produce a ground. Short circuits are caused by the suddenness of 
the static disturbances produced by lightning. On account of 
this suddenness, the static wave in the line, which is the form of 
disturbance produced by the lightning discharge, strikes the coil 
a blow, so to speak, which under favorable circumstances will 
cause a short circuit. In general, electric apparatus evidently re- 
quires lightning protection of twosorts. First, protection against 
grounds; second, against short circuits. Protection from grounds 
is secured by means of lightning arresters. Protection against 
short circuits, by choke coils. 

The proper function of a lightning arrester is to prevent an 
abnormal rise of potential, above the earth, in an insulated circuit. 
This result is best attained by placing one or more carefully ad- 
justed air-gaps between the insulated circuit, commonly called 
“line,’’ and an earth connection or “‘ground.”’ Except during 
times of discharge these gaps resist all flow of current from the 
normal voltage of the line, but whenever the line potential rises 
" *Westinghouse Circular No. 1045 — abstract. 
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abnormally they break down and allow a free discharge of elec- 
tricity. By careful adjustment of the gaps, an arrester can be 
made to discharge when the voltage of the line has risen to any 
predetermined value. On account of the extreme suddenness of 
the surges caused in the line by lightning discharges, the gaps and 
ground connection must be able to discharge very freely, or a rise 
of potential of the line will not be prevented; that is, the light- 
ning arrester as a whole must be able to discharge electricity 
faster than the charge can come from the line. 

It is found that there is a very strong tendency, especially with 
generators of large output and high voltage, for an arc to form in 
the gaps when once their resistance is broken down by lightning 
discharge. This arc, which can only occur when one line is 
grounded, or when two lines from the same generator discharge 
at once, is maintained by the generator, and if not prevented or 
extinguished will cause a shut-down of the plant. Consequently 
the lightning arrester, in addition to preventing an abnormal rise 
of line potential, must also suppress any arc which tends to form 
in the arrester gaps. The latest and best types of lightning ar- 
resters used on high voltage alternating-current circuits renders 
the arrester non-arcing under all conditions. As the two functions 
of a lightning arrester, namely, the prevention of a rise of poten- 
tial on the line and the suppression of any arc forming in the 
gaps, are more or less antagonistic, practically all previous types 
of lightning arresters performed one of these functions better 
than the other. The “low equivalent” arrester, however, per- 
forms both of these functions in a most complete manner, and 
therefore it represents an advance over all other types. 

The principal function of a choke coil is to prevent the short 
circuits sometimes caused by the local concentration of potential 
which is commonly produced by a lightning discharge. The 
choke coil serves also, to some extent, in limiting any abnormal 
tise of potential in the apparatus by delaying the advance of the 
discharge from the line and allowing more time for the arrester 
to act. As already stated, the discharge caused by a lightning 
flash passes along the line in the form of a surge or ‘‘tidal wave.”’ 
If this wave passes a choke coil it is flattened out and, if the coil 
be of sufficient power, becomes practically harmless. It is evident, 
however, that the choke coil receives the full force of the wave 
and, consequently, must be heavily insulated. Moreover, choke 
coils must not overheat under load, nor introduce an excessive 
inductive resistance into the circuit. 

It is evident, then, that the requirements for choke coils, as 
stated above, are more or less conflicting, as for example, large 
choking power means many turns and much heat generated, 
nevertheless the best choke coils are so proportioned that the 
greatest possible protective effect is secured without undue heat- 
ing or cost of copper. 





PERSONAL, 


R. R. S. MASSON, whose electrical engineering ability is 
evidenced in the fact that the electrical installation of the 
system of the Independent Electric Light and Power 
Company, San Francisco, and especially of its distribu- 
tion system, is of his handiwork in both designing and super- 
visory capacities, has submitted his resignation from the general 
superintendency of the company named, to take effect on Janu- 
ary 1st, next. Mr. Masson announces that this step is due to the 
fact that having completed the construction work of the Inde- 
pendent plant he now proposes to enter the field of consulting 
electrical engineering —a field for which his vast experience in 
high tension polyphase work eminently fits him. 





TRANSMISSION AT 100,000 VOLTS. 


In an article written by Fred M. Locke, the well-known insu- 
lator manufacturer, and published in the November issue of THE 
JOURNAL, the author states: ‘‘I have now good reason to believe 
that we will soon be able to insulate and transmit power at 100, - 
000 volts, and perhaps at a higher potential, for as long a distance 
as will be required up to say 400 miles. 
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Code Standard 


NEW YORK INSULATED WIRE COMPANY 


Main Office, 13-17 Cortlandt Street, New York 


JOHN R. COLE, 


Sales Agent, 
= SAN FRANCISCO 





The Journal of Electricity, Power and Gas, 


) Send it at once for a subscription to 
HAVE YOU i 1)() | [ I R HA N l)¥ a 320 California Street, SAN FRANCISCO, CAL. 
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IMPERIAL PORCELAIN —===-... 





iv THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


IT IS ALL THE NAME IMPLIES! 


Belted and Direct-Connected Simple and Compound 
Automatic and Self-Oiling 


The ‘Ideal’ Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 





A. L. IDE & SONS, [lanufacturers, Springfield, Hl. 


W.H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO. CAL. 


NATIONAL TUBE COMPANY, 


MANUPACTURERS OF 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED PIPE only is used for extreme pressures. Among 
ceivers for power lines up to 30 inches } those using our pipe lines for this purpose may be mentioned the fol- 


diameter, with lead joints, expanded and } lowing California companies: 
riveted joints, cast-iron or rolled-steel 

















San Joaquin Electric Co. ............. 20-inch pipe, 1411 head, 612 lbs. pressure. 
flange joints, or solid welded flange joints. ag 2 & rae ee ye Dt : ma sue | Des . ~ 
Smee vs @ line of welded Mt. Whitney Power Co. .. «206.2005 a ee Oe ‘i 

goods. Standard Electric Co. of California... 30 ‘‘ eae: ** eo i 





New York Sales Office, Havemeyer Building. P.O. Box 2245. 





TRADE 


HicH-POTENTIAL INSULATORS ==>... 


These Insulators are in exclusive use on such important power transmission lines as: 


SOUTHERN CALIFORNIA PowER Co., - - - Redlands to Los Angeles 








SNOQUALMIE FALLS PowER Co., - - - 
- - + Snoqualmie Falls to Seattle and Tacoma 


West KooTENAY POWER AND [Licut Co., - - - 
- - - Bonnington Falls to Rossland 


NIAGARA FALis PowER Co., - - - - - Méiagara Falls to Buffalo 


Hupson RIVER POWER TRANSMISSION Co., - - - 
- - - Mechanicville to Schenectaay 


and many others. 


Address all correspondence to 


Eight Different Types— All Voltages. ee APO am 


7 Arch Street, 




















General Sales Agent 





BOSTON, MASS. 
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KNIGHT'S « WATER « WHEEL 








The accompanying cul shows the general arrangement of KNIGHT’S STANDAKD w aTER WHEEL, of 


which there are HUNDKEDS IN USE in different States of the Union. 
feet in diameter, from 10 to 1000 horse power. and adapted to all heads and purposes 


in iron cases from 6 to 24 inches. 
Governors. Highest regulation guaranteed. 


For full particulars send 
for descriptive catalogue. 


These wheels are made from 2 to 6 
Wheels inclosed 


Wheels for electrical power can be furnished with or without 
Address all communications to 


KNIGHT & CO., Sutter Creek, Cal. 





IMPROVED 
LOWE 


General Gas Works Machinery 


WESTERN GAS CONSTRUCTION C0, : 


WATER (7AS APPARATUS 


*. Gas Valves and Supplies 


: Fort Wayne, Ind. 
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Repwoop Porss 


For TELEGRAPH 
TELEPHONE 
Exectric Licut 
Power PLaNts 

In lots and sizes to suit at short notice. 


Union Lumber Company 


TELEPHONE, “ MAIN 324” 
ROOM 28, CROCKER BUILDING, SAN FRANCISCO 








Alternator and Boiler Wanted! 


A 30 to 40 kilowatt single or two-phase 
Alternator giving 15,000 or 16,000 alterna- 
tions per minute. Engine speed not to 
exceed 285 revolutions with five-foot wheel. 
Machine must be wound for 2000 to 2300 
volts. 

Also wanted a 60-horsepower Tubular 
Boiler. 

Address, naming lowest cash price, 

H. A. GREENE, 
Monterey, Cal. 


Stanley A.C. Wattmeters 


Permanent Accuracy Guaranteed 





Stanley Instrument Company 


San Francisco, 31-33 New Montgomery St. 
New York, 146 Broadway. 


REDUCE THE COST OF LIGHT 


by getting the best lamps. Try ours. 
Most light - Least current - Longest life 
Let us tell you why and how. 
\ Sample lamps free. 
THE COLORADO LAMP Co., 
2052 California St., DENVER, COLO. 












—SCHOOL OF— 

(ELECTRICAL, CIVIL, MINING AND MECHANICAL) 
Surveying, Drawing, Architecture and Assaying. 
933 Market St., : : San Francisco 
A. VAN DER NAILLEN, President 
Send for circulars Established 1864 


BUSINESS COLLEGE 
—AND— 


SCHOOL OF ENGINEERING 





Electrical Engineering Department 
ORION BROOKS, Instructor. 


Mining and Assaying Department 
G. W. MILES, M. 8., Instructor. 








24 Post Street, San Francisco 


LIGHTING PLANT FOR $1000 CASH 


Consisting of: pan a boiler 
50-hp. ‘‘Payne”’ high-speed engine 
30-kw. alternating-current generator 
Belting, transformers and station in- 
struments. 
“LIGHTING PLANT,” 


care Journal of Electricity, Power and Gas. 
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GENERATORS * 


oom. es a ’ JARANTEES RESULTS 


Feel aa tonne, BULLOCH ELECTRIC MFG CO: CW eHINATLOUS Ac | 





























“76S. __DISCRIBED IN ndtckoes No.3 34 : s paves MOOR. ae 
Pacific Coast Agents, WYBRO-HENDY COMPANY, 38-44 Fremont Street, San Francisco 
§ New York Lubricating Oil Company xsze‘storsr sragcaters* | 
% MARINE, ENGINE, RAILROAD, | 
x CYLINDER and the......... I. S. . TRANSFOR ER Ol 
5 539 California Street, SAN FRANCISCO (Rooms 3 and 5) 35 Water St., New York 
7 wt wt Managers have no line troubles when using 
for all duties vt vt 
Specially adapted for VICTOR Adopted by 
. ° STANDARD 
direct connection to TYPE...... ae sasisabiae | 
, , COMPANY 4 
electric motors in Line Pressure Of California M 
60,000 Volts. : | 
irrigation service AY COUNTIES 
Irrigatio ervic Tested to oe NTIES 
120,000 Volts. . : 
. , COMPANY. 
Byron Jackson Machine W orks 
Works: 625 Sixth Street, San Francisco Fad st 
Business Office: Branch Office: a , . : 
411 Market Street 201 North Main Street Qn Longest Power Transmission Lines in the World 
San Francisco Los Angeles go0,000 LOCKE INSULATORS in use on the Pacific Coast, 
Operating on Line Pressures up to 60,000 Volts. 
PACIFIC COAST AGENTS 
31-33 New Montgomery Street, SAN FRANCISCO. 
Pacific Northwest Office: Pioneer Block, Seattle, Wash. 
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THE PELION WATER WHEEL (, “ssi. 














ok at Water Wheels for 


vrei 






1 
\ 2, every variety of 


service — electric 
transmission plants 
in particular. « « « « 


The P ELTON 
is the pioneer and 


standard wheel for 
efficiency 


and... 
reliability 


Send for our illustrated catalogue 





PELTON WATER WHEEL (upper housing removed) intended for direct connection to electric generator. a 





Worthington Pumping Engines and Hydraulic Machinery 


HENRY R. WORTHINGTON 


aah al Pe ee Diceanhen <eiaeaine a aaaie 
Electric and Power U | \ , umping a or a 











OFFICES : 
New York, Boston, Philadelphia, St. Louis, Chicago, Cleveland, Indianapolis, San Francisco, London, Paris, Berlin, Vienna, Amsterdam, Brussels. 
Hydraulic Works at Brooklyn, N. Y. and Etizabethport, N. J. 


PACIFIC COAST BRANCH OFFICE: Rooms 27-28, Third Flor, MILLS BUILDING, SAN FRANCISCO 


Telephone, MAIN 5680 Address all communications to HENRY R. WORTHINGTON 


LOCAL AGENTS: Moran Bros. & Co., Seattle $ Tatum & Bowen, Portland : Baker Iron Works, Los Angeles 
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Westin house Designers and Installers of | 
Church, — & ey Complete Power Plants | 
ENGINEERS for Industrial Purposes | 


New York, Boston, Philadelphia, Pittsburg, Chicago, Detroit 
Sell the product of . 
The Westinghouse Machine Co. Gas Engines Steam Engines 
Pittsburg—M anufacturers—Chicago Roney Mechanical Stokers 


Westinghouse 


Generators 
and Motors 








Generators Motors 
Built in Sizes Built in Sizes 
up to 5000 hp. up to 850 hp. 

Installed in nearly all the best send Railway, Lighting and Power Plants 
Westinghouse Electric 
All Principal Cities P 
in U.S. and Canada & Man ufacturing Co. Pittsburg, Pa. 


49a 




















LUMINUM feeders are less than one- 


& ; 
half the weight of copper feeders and 
u mM | n ul mM are of equal conductivity and strength. 
a Joints of aluminum feeders can be easily, 
kR a | | W a cheaply and satisfactorily made. 
If wire or cable is required to be insulated, 
high-grade insulation is guaranteed. 


| eC e d e ' Ss Price-list with full information furnished 


Resucion ce, | Power-Transmission 


PITTSBURGH, PA. 


amas Telephone and 


JNO. MARTIN & CO. 


vrarnew mtemmer ss. | Telegraph Wire 


SAN FRANCISCO, CAL. 


Pacific Northwest Office: Pioneer Block, Seattle, Wash. 
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AMERICAN OTEEL AND WIRE GOMPANY 















IRON, or hoisting, hauling, power an 
STEEL or W | R E R O P E s ahha Re si 
COPPER g 


As we make the wires from exceptionally high-grade 


WIRE 


steel and iron of our own production we offer special 


for 
features in STRENGTH, DURABILITY amd FLEXIBILITY. 
every 
urpose 
purp 2 
a 


TROLLEY WIRES 
FEEDER WIRES 


COPPER RAIL- 
BONDS 
Steel Shafting 
and Bars 
in all shapes 


ELECTRICAL WIRES 


bare, insulated, stranded or cables 
in every form for every purpose 


ad 
San Francisco Office: 
Nos. 8 and 10 Pine Street 
GEO. H. ISMON, Pacific Coast Sales Agent 


Send for catalogues and price-lists. 


TRACK SPIKES 

















SS 


Insulating Varnishes aa Compounds 
Mica ana Micanite 
Manhattan Arc Lamps 
Power [lotors 


BROOKS FOLLIS ELECTRIC CORPORATION 


527 MISSION STREET ~~: : = SAN FRANCISCO 
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High-class Tangential Water Wheels 
for Electric Power Transmission Service 








FREMONT AND HOWARD STREETS : : : SAN FRANCISCO 


SEATTLE OFFICE: 411 New York Building, Seattle, Wash. 
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Established 1850 Incorporated 1889 


ABNER DOBLE GOMPANY 


ENGINEERS 


Fremont and Howard Streets : : SAN FRANCISCO 


Tangential Water Wheels 
Regulating Nozzles for Tangential Water Wheels 
Compressed Air and Steam Power Rock Drills 
Duplex Single-Acting Air Compressors 





we | we 


STEEL TOOLS Steel and Iron Forgings 
of every description for Q teel Bars an d B ille ts 


Miners, Lumbermen, Blacksmiths | 
Stone-cutters, Railroad Contractors | Swedish Iron Importers 





REPRESENT THE FOLLOWING: 


THOS. FRITH & SONS (Ltd.), Sheffield, Eng. FRITH-STERLING STEEL COMPANY, Pittsburg, Pa. 


aii i Hicu-Grape Toon STeen 
HiegH-GrapvE Bar AND SHEET Toou STEEL. 


Pe a) aro BETHLEHEM STEEL COMPANY, Bethlehem, Pa. 


GLOBE WIRE COMPANY, Sharpsburg, Pa. Open-HEARTH CARBON AND NICKEL STEEL Foraineas, Sorip 
Rounp aNp Square PonisHep Dritt Rops or Hottow ForGzep ON MANDREL FoR ENGINE Parts, 
: -sbilr: : ; Crank-SHarts ETC. Street Castinas. 
CROCKER-WHEELER COMPANY, Ampere, N. J. UNION DRAWN STEEL COMPANY, Beaver Falls, Pa. 
Morors aNnD DyNAmMos. Rounp, Square, HeExaGon AND Fiat Coip-Ro.iep Sreen. 
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Syracuse, N. Y. 


Electrical Specialties 
in Porcelain 


|| You know how HIGH GRADE our goods are, but 
|| you may not know how Low you can buy them 





|| Write for 
| 





- | prices to (CHAS. F. SLOANE, 
saute wien || Pacific Coast Sales Agent Mills Bldg., San Francisco 








PONY RECEPTACLE 








Simple 
Convenient 
Efficient 


The only perfect electric 
headlight for trolley cars 


Changeable 
End to End 


— and — 


Car to Car 





Cannot get 
out of order! 
CHAS. F. SLOANE, Exciusive Sales Agent for the Pacific Coast, 


LOS ANGELES SEATTLE 








SYRACUSE CHANGEABLE HEADLIGH 


Manufactured by the Crouse, Hinds Electric Company, Syracuse, N. Y. 


WE will outfit one of 
your cars with our 
headlight for a 30-days’ 
trial and if you are not 
then convinced that it is 
what you want, you can 
return the headlight. 

ALL THIS AT NO EXPENSE 
TO YOU. 

Samples of the Syra- 
euse Headlight can be 
inspected at our San 
Francisco office, Room 1, 


second floor, Mills Bldg. 


Mills Building, San Francisco 


HONOLULU 














No digging necessary No deadmen needed 


Cheapest method of anchoring all kinds of guys 


For anchoring Telegraph, Telephone, Electric Light and Street 


Railway Poles at one-half the expense of any other method. 
Made in two styles and in all sizes from 344 inches to 12 inches diameter. 


CHAS: P. SEAN. cine 











STOMBAUGH GUY ANCHORS ="; 


Anchor can be bored into the ground as an auger 

















Mills Building, San Francisco 
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yyy, 
| Bc ELECTRICAL ENGINEERING COMPANY 
Clif begs to announce that it has purchased the fac- (ilifcee | 
| tory of the now-defunct Pactric INcaNnDEScENT Lamp 
Company, of San Francisco, and has engaged in the 
“Udy fle manufacture of strictly first-class Incandescent Electric y/o 


| Lamps upon a scale never before attempted west of 
pee the Mississippi. 

In addition to ‘‘ refilled” or *‘ renewed” lamps, (Ce 
which will bear the label ‘ Pacific” as heretofore, the 


Electrical Engineering Company will manufacture 


‘yy ’ cL j ° v 
cif 7 a mpl 
SU i a entirely new lamps to be known as the ‘‘California ~ if —! | 
and which will be marketed under the guarantee that 
they are equal in every respect to the best lamps of Fe ff. 
| y q y S} ps Cal jjua 





any other manufacture. 

These lamps will be placed upon the market on 
uyfee or before May 1, 1901, and will be sold at attractive Sul 
prices, based upon the advantages of local manufacture. 


ALL VOLTAGES ALL CANDLEPOWERS 
ALL WA1TAGES ALL FORMS OF FILAMENTS Calfciee 





Electrical Engineering Company 
509-511 Howard Street, : . SAN FRANCISCO 





CADDRESS ALL COMMUNICATIONS TO 








CA CHAS. F. SLOANE, (Ce 
Branch Offices: General Sales Agent, 
feats. aie of leenten MILLS BLDG., | SAN FRANCISCO 
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UNION 


Gas and il 


ENGINES 


Built in San Francisco 
for fifteen years. ..... 


Over 3000 i 


Engines from 2% to 300 horse- 





power under construction 
for prompt delivery. 


Send for illustrated catalogue 


UNION GAS 
ENGINE CO. 


242-244-246 First Street 


San Francisco. 













40-horsepower ‘‘ UNION” Engine 


Fitted to run on ‘‘asoline, Naphtha, Benzine, Distillate and Manufactured or Natural Gas 

























\ 


JOE C. SAXTON 
wmwaee« MEUM AULOMODIe Wagons 





Wagon of four tons capacity, on exhibition at our shops, 626-628 Bryant St., San Francisco. Oil Wagons, Trucks, Drays and Stages 


Office: 134 SUTTER STREET 
San Francisco, Cal. 


We build to order steam wagons suit- 
able for all kinds of heavy hauling 
and adapted to all roads. 





On early orders we will furnish a 


legal bond cover- 
ing cost of machine, as a guarantee of 
the efficiency and practicability of our 
automobiles. 











Orders fiilled ready for delivery 
in from six to eight weeRS....w. 


Steam Lumber, Brewery, Grain, Ore, 


ALbL£2 Bb Ld ddd hd hd hehehe dele lhe bebe de Mebeenh 


hy. 
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for PASSENGER, FREIGHT or MINING a 








Absolutely Automatic 
Have all Safeties 
Positively Perfect 
Their general economy 


defies competition 


Electrical Engineering Co. 








509-511 Howard Street : : : SAN FRANCISCO 


THE electrical manufactory of the West ROYAL EAGLE HOTEL, SAN FRANCISCO, CAL. 
10-HP. PASSENGER ELEVATOR. 
































L. P. DEGEN, sasoracronse oF GILLESPIE’S INSULATOR PINS 


This pin is made of seasoned eucalyptus, a wood particularly adapted for 


Belt 4 d L ‘8 th electrical insulating. Experts declare it the best pin made. In use in most 
ee ing an ace €a er of the electrical transmission plants on the Pacific Coast. We are making 


i fe he Standard Electric C , the B Cc ties Power C yy 
106 and 407 Mission St., SAN FRANCISCO. nano gp 5 ala 
DYNAMO BELTING A SPECIALTY. ‘Telephone Main 562 Hardwood Planing Mill Co. 24% 2°S®: 








DIRECTORY OF RELIABLE ENGINEERS. 


ELECTRICAL ENGINEER 597-599 Parrott Building 
) and CONTRACTOR. ... = 10 Front Street 
San Francisco, Cal. 


EDWARD S. COBB ‘SIDNEY SPROUT | FRANK E. SMITH 


Designing and Consulting 


MECHANICAL AND HYDRAULIC ENGINEER Supervising Electrical Engineer, _-—«omsulting ana Supervising 


Plans, Estimates, Specifications, Tests, | Electrical Engineer 


Supervision of Construction - 














| STATION ECONOMICS A SPECIALTY. 


Room 223, Homer Laughlin Bldg., 
315 South Broadway, Los Angeles, Cal. | 106 CROCKER BLDG., SAN FRANCISCO | 418 Eugenia Ave, (’Phone, Blue 751) San Francisco 


LEWIS A. HICKS =| ROBERT [F. DOBLE FRANK H. BATES 
| 





Civil Engineer Chemical and Gas 


IN.. Mechanical Engineer ..... 
Ss and | 
Irrigation, rahe Panpey” Hydraulic Power | | Sintiatitiees Electrical rea | 933 MARKET STREET, SAN FRANCISCO. 
Mills Building, SAN FRANCISCO | Supervision Engineer Bune —«| Analytical —— for yo ee of Pay am 
ases, ts e a view ue 
Room 9, Third Floor Telephone Main 1322 | Constructing SEATTLE, WASH | Soom Ph ‘Bncmnes poe Motor Vehicles tested. 





ENGINEERING OFFICES 


EDWARD P, BURCH W. STUART SMITH 331 Pine Street, : ' San Bisnetece, Cal. 


E. H. Benjamin, mining Engineer 
Soeee Mechanical A. M. one, Mechanical and Hydraulic Engineer 
Electrical and Electrical Wynn Meredith, Electrical Engineer 
Engineer | Engineer ©. bee Cory, Electrical and Mechanical Engineer 
} Expert Examinations :Advisory Reports :Construction Supervision 
1210 Guaranty Building, Minneapolis, Minn, | U.S. Navy Yard, ~ Cavite, P.1.| Telephone, Main 1870. Cable address, ““Edben.” 
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FRONT VIEW 


a bargain in this 


A new double street-railway equipment consisting of two 25-horsepower 
single reduction, standard gage, WaLKER Morors, without controllers, costs 
now $967.00, f. o. b. San Francisco. 

We have such an equipment with two controllers, one street car resist- 
ance and two 25-horsepower yokes complete-——in fact, the identical one that 
was exhibited by the Walker company at the Montreal Convention of the 
American Street Railway Association—that we will sell for $725.00 net 
cash, f. o. b. San Francisco. 

This equipment was sold to us as a sample by the Walker company 


direct from Montreal while we held its Pacific Coast agency. 


ABNER DOBLE GOMPANY, 


Fremont and Howard Streets, : : SAN FRANCISCO, CAL. 


don’t you think so? 


BAcK VIEW 
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25 32-candlepower, 110-volt, Edison base....at 25 cents each 


The above are new lamps made by the General Incandes- 
Abie cent Lamp Company, and bearing *‘ Fort Wayne ’’ labels. 


F, N. DELANOY 
Central Block Alameda, Cal. METERS 


New, in original packages 








N 

iN 

N 

\Y 

SES MISCELLANEOUS * 

1 25-kilowatt, 110-volt, multipolar, direct-current gen- N 

erator, complete with pulley, iron foundation, belt S 

I III i oxen onc cdiccucaeicceccse conse $450.00 \ 

1 225-light, 110-volt, bipolar dynamo, complete with \ 

pulley, belt tightener, base frame and rheostat...... 300.00 \ 

1 2¢-horsepower, 110-volt, direct-current motor........ 30.00 \ 

SOS SS SS SSS 1 14%-horsepower, 110-volt, direct-current motor....... 50 00 \ 

1 24-horsepower, 220-volt, direct-current motor....... 75.00 \ 

1 10-horsepower, 220-volt, direct-current motor........ 160.00 \ 

1 20-horsepower, 220-volt, direct-current motor........ 300.00 \ 

hen the Fort Wayne Elec- 1 40-horsepower, 500-volt, direct-current motor........ 450.00 \ 

W 1 3-are dynamo, 3-circuit, marble switchboard, with A 

tric Cor porat ion went plugs and cables complete. . K a \ 

1 2-are dynamo, 2-circuit, marble sities, com- \ 

into bankruptcy, the under- Gh nkg cians Rava ys + <dtee-s Rage hymn Ss aus *6 areas 20.00 \ 

1 1000-vult, marble base gruund detector for switch- A 

signed bought the entire stock board ee ee ee ee ce scesese seeese 7 50 \ 

1 commutator for No. 6 “ Wood ” arc dynamo......... 15.00 iN 

carried by its San Francisco of- 1 self-starting, 1-horsepower, 110-volt, 60-cycle, syn- ' 

NN Sooo i's os os RN Cas aie We Nereis cas ek cde 90.00 N 

fice from the Assignee. Much 30 ‘‘Wood” are cut-outs, absolute breaks, each...... .. 2.50 * 

1 20-horsepower, 500-volt, 7200-alternator, single-phase N 

of this stock has been sold, but ORI SS diva x05 i oskaetodsdbaaeacninnts 325.00 5 

1 2%-horsepower, starting motor for above (if used as 

the following yet remains to be I ike ows a noutc ic pahweeleeuee nah ewe le 175.00 \ 
disposed of at the prices indi- | 

P P INCANDESCENT LAMPS . 

cated. It 1S all new and of the 125 8-candlepower, 110-volt, Edison base.. | \ 

” 250 16-candlepower, 110-volt, “ ee \ 

Fort Wayne a Wood ) types. 100 16-candlepower, 112-volt,  “ ~~ N 

300 16-candlepower, 114-volt,  “ o - at 18 cents each 

500 16-candlepower, 116-volt, sii = 5 

300 16-candlepower, 120-volt, - \ 

All prices are net cash, f.o.b. San Francisco 100 16-candlepower, 116-volt, T.- H. base.. . 





2 5-light ‘“‘Duncan”’ wattmeters, each.............. $10.00 

1 40-light ee ” FE a in nue 6 

DOO OO OOOOMOMDO OO ODO 4 50-light “i - 7 go ee 
3 60-light x wt Sd tee gia tay ata de 13.50 

2 75-light ni 7 ole a a 13.50 

3 100-light “ “A 2 is ae he 13.50 

2 125-light ¥ s 4 ORE ER ae 13.50 

9 20-light ‘“‘ Duncan’’ ampere-hour meters, each..... 12.50 

12 30-light ry % aa sae 3.015 13.50 

4 20-ampere “ Duncan’”’ wattmeters, each. .......... 12.00 

7 25-ampere " > ae ae. Oe 13.50 

CoColwSnCOeanteeese es 0 "Q—0 0 LLEODODD 1 50-ampere M2 wy gaan se aehts 13.50 





oe 
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LIGHTEN THE “WHITE MAN’S BURDEN” 


The fireman will rejoice and it won’t matter much to the coal man if you cut him 5 or 10 4 now that business is good. 


(Clean Boilers.) Try it. 


DEARBORN FEED WATER TREATMENT 


SEND A GALLON JUG OF WATER FOR ANALYSIS. 


Wm. H. EpGar, 
President. 


Dearborn Drug and Chemical Works, 


29-33 Rialto Bildg., Chicago, 
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CROSSCUP’S [Dap wa Rield Coil Varni anh 
ARK BOLER COMPOUND, re 
Is guaranteed ~~ | P&B Blectrical Compound 


To remove and prevent scale; 
To stop.and prevent pitting and corrosion; 














To stop priming, and keep boilers in first-class : THREE 

mt PERFECT 
condition for less cost per horsepower than N a ape * INSULATORS 
any other compound on the market. 

) All orders promptly filled by Ask your dealer, or address 


I. 0. CROSSCUP, 
530: California St., (Room’32) san FRanctsco } PARAFFINE PAINT CO., 146 Battery Street, San Francisco. 


HA ND- BU () KS om. rane Gas 

















—For— "315 Cherry St., San Francisco 
Engineers, Electricians, Firemen, Etc. Send for Catalogue 
IMPROVEMENT THE ORDER OF THE AGE. TRANSACTIONS FOR SALE. 
NEW No. 
EEE The transactions of the Pacific Coast Electric 
o ‘ ; Transmission Association, Santa Cruz, Sacramento 
SMITH PREMIER TYPEWRITER and Sah Francisco Conventions, have been bound in 
Numbers of im t improvements a for sale price 50 h, free. 
which are foundin noother writer. Pa ee Te re 
GREATEST YET PRODUCED. ee 
2 Write for Mustrated Catalogue. Gero. P. Low, Secretary, 
LEO. E. ALEXANDER & BRO. ls a 
oan Fuameniec, 238 Crocker Building, San Francisco. 

















You will find an interesting suggestion on 


the lower left-hand corner of. page xviii 


Better act on tt at once! 
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E S.K.CHONORTHERN SYSTEMS : 


Long-Distance “Transmission 

Central Station Distribution (itect or alternating) 

Mill, Mining and Factory Service 

Electric Railway Generation, Transmission and Distribution 


Complete eqitspments for... 











Pacific Coast Agents 


ere An Interior View of Colgate No. 1 Power House of the Bay Counties Power Company . 
“ | Induction and subtleties motors, incandescent arc lighting 
=< or power transformers; and high-grade switchboards. 

A 

| Stanley Electric Manufacturing Co., Northern Electric Manufactring C0., 
204 Sine <p Mass. Madison, Wis. 
- JNO. MARTIN & CO, 

= 


31-33 NEW MONTGOMERY STREET, : ie SAN FRANCISCO 


Pacific North west Otfice: Pioneer Block, Seattle, Wash. 
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McINTOSH & SEYMOUR ENGINES 














‘Thompson’s 
ALL TYPES Polyphase oe 


ALL SIZES 
NOW READY 
ALL SPEEDS 


The new AUTHORIZED AMERICAN edition of 


Polyphase Electric Currents 


Engineers and Dealers in 
. . . + i — a 
sai aeiebiaie GHAS ; MOORE & U0. — — saree? Alternate Current Motors 


SILVANUS P. THOMPSON, D. Sc., B. A., F.R.S. 




















revised and enlarged 





11 two-colored illustrations 
13 three-colored illustrations ct 
showing the windings of we: 
' fe 4 mY poly; hase gene: ators af 
FOREIGN : ee, a ov 14: 1 ; 
AA orca i . 8 large folding plates i 





A Special section on ROTARY TRANSFORMERS i 





— :2 

508 pages, 357 illustrations vo, cloth Ki 

Price : : : : : $5.00 
Pooks expressed prepaid on receipt of price 


642 DREXEL BLDC. 


SAN FRANCISCO a oe SL 2 Zz a circulars 


Send us your name and address for full descriptive 











CHAS. CC. MOORE, Manager Pacific Coast Branch, San Francisco 


Best by Test! 


TOTTHILL om jo 
WATER WHEELS #7 


Adaptable to Alf Speeds and Heads 


High in Efficiency! Low in Cost! 


Write for our 1900 Water Wheel Catalogue. 
It is replete with hydraulic data and—gratis. 





‘ MAGNETS 
ELECTRIC 
CURRENTS 


An elementary treatise for the use of electrical ae 
artisans and science teachers. } 













By J. A. FLEMING, M. A., D. Sc , F.R.§. A 








Price, $3.00 Full descriptive circular on application 


OAKLAND IRON WorkKS 


Business Office: 
330 Market Street, San Francisco. 
’Phone, Main 1007. 


Works— Second and Jefferson Streets, 
Oakland. ’Phone, Main 342. 


408 pages, 133 illustrations, 12mo, cloth ; | | 
: 
} 
: 
: 


SPON & CHAMBERLAIN 


Publishers of books on all branches of engineering : : 
Sole Agents for SCIENCE ABSTRACTS ; Pe 


12 Cortlandt St., New York. U.S.A. 











a al | 
All our Wires—New Code Standard | 
NEW YORK INSULATED WIRE COMPANY a 
Write for our new catalogue Main Office, 13-17 Cortlandt Street, New York ie 
JOHN R. COLE, Sales Agent, | 

33 Second Street, “ = = = = SAN FRANCISCO 
















Send it at once for a subscription to 
e 320 California Street, SAN FRANCISCO, CAL. 
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IT IS ALL THE NAME IMPLIES! 


Automatic and Self-Oiling 


The ‘Ideal’ Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 


A. L. IDE & SONS, Manufacturers, Springfield, Ill. 


W. H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO, CAL. 


NATIONAL TUBE COMPANY, 


~ MANUPACTURERS OP 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED Prpe only is used tor extreme pressures. Among 
ceivers for power lines up to 30 inches } those using our pipe lines for this purpose may be mentioned the fol- 


diameter, with lead joints, expanded and lowing California companies: 
riveted joints, cast-iron or rolled-steel 




















Si Oe Fleets Ce 55 F530 -inch pi head, 612 lbs. ; 
flange joints, or solid welded flange joints. recaps. acto Bea pi 5 pipe, wi fs pom “ Agee 
Weal ‘ full li Swaines id: LAE TAIT Geo 5 oo mR os 22 1040 451 
ae aula ia u ne of we'de Mt. Whitney Power Co... ... ee oe “ 1300“ g7q * “ 
and seamless tubular goods. Standard Eleciric Co. of Coliiviis. El cyice | inden "YA 5 





New York Sales Office, Havemeyer Building. P. O. Box 2245. 


IMPERIAL PORCELAIN == og. 
HIGH-POTENTIAL INSULATORS wecnsrsrccn 


These Insulators are in exclusive use on such important power transmission lines as: 





MARK 





SOUTHERN CALIFORNIA POWER Co., - - - Redlands to Los Angeles 





SNOQUALMIE FaLits Power Co., - - - 
- - - Snoqualmie Falls to Seattle and Tacoma 


WeEst KOOTENAY POWER AND LIGHT Co., - - - 
- - - Bonnington Falls to Rossland 


NIAGARA FALLS PowER Co., - - - - - Miagara Falls to Buffalo 


Hupson RIvER PoWER TRANSMISSION Co., - - - 


- + + Mechanicville to Schenectaay 
and many others. 


Address all correspondence to 


Eight Different Types— All Voltages. co * PY Ae 
7 Arch Street, 
BOSTON, MASS. 


















General Saies Agent 








When writing advertisers kindly mention THE JoURN L OF EL! OTRICITY, POWER AND GAS. 














THE JOURNAL OF ELECTRICITY, POWER AND GAS. v 





KNIGHT'S « WATER + WHEEL 


SF O- | 


The accompanying «ut shows the _— arrangement of Smears erannan> WATER WHEEL, of 
iy 


which there aré HUNDKEDS IN USE in d 


in iron cases from 6 to 24 inches. 
overnors. Highest regulation guaranteed. 


For fall ulars send 
for dexeriptive catalogue. 


t States of the Union. 
feet ia diameter, from 10 to 1000 horse power. and adapted to all heads and purposes 





These wheels are made from 2 to 6 
Wheels inclosed 


Wheels for electrical power can be furnished with or without 
Address all communivations to 


KNIGHT & CO., Sutter Creek, Cal. 





IMPROVED 
LOWE 


WATER (AS APPARATUS 


General Gas Works Machinery .-. Gas Valves and Supplies 


WESTERN GAS CONSTRUCTION CO, : : 


Fort Wayne, Ind. 
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Repwoop Porgs 
Union Lumber Company 


TELEPHONE 
In lots and sizes to suit at short notice, 
ROOM 28 CROCKER BUILDING, SAN FRANCISCO 





L. D. HirzERoTH 


S. H. WF IDENTHAL 
President 


Gen’l. M’g’r. 


CENTURY ELECTRIC 60. 


ENGINEERS and 
CONTRACTORS 


Switchboard Work 


Plans and Specifications 
Wiring and Conduit Work a specialty 


31 Second Street : : San Francisco 


Stanley A. C. Wattmeters 


Permanent Accuracy Guaranteed 
Stanley Instrument Company 


San Francisco, 31-33 New Montgomery St. 
New York, 146 Broadway. 


REDUCE THE COST OF LIGHT 


by getting the best lamps. Try ours. 
Most light - Least current - Longest life 
Let us tell you why and how. 
Sample lamps free. 


THE CoLoRADO LAMP Co., 
2052 California St., DENVER, COLO. 














—SCHOOL OF— 
PRACTICAL ENGINEERING 
(ELECTRICAL, CIVIL, MINING AND MECHANICAL) 
Surveying, Drawing, Architecture and Assaying. 


113 Fulton St., : : San Francisco 
(One block above New City Hall) 

A. VAN DER NAILLEN, President 

Send for circulars Established 1864 


ALD 








BUSINESS COLLEGE 
—AND— 
SCHOOL OF ENGINEERING 


Electrical Engineering Department 
ORION BROOKS, Instructor. 


Mining and Assaying Department 
G. W. MILES, M. 8., Instructor. 


24 Post Street, San Francisco. 


LIGHTING PLANT FOR $1000 CASH 


Consisting of: bt a — . 
hp. ‘“‘Payne”’ high-speed engine 
0k. alternating-current a... 
Belting, transformers and station in- 
struments. 
Address, “‘LIGHTING PLANT,” 


care Journal of Electricity, Power and Gas. 
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POWER TRANSMISSION 


Managers have no line troubles when using 


Locke Insulators 


2 we 
VICTOR pees i 
STANDARD 
Rif y ae ELECTRIC 
RPC COMPANY 
ne Pressure 
Of California. 
60,000 Volts. Pe ee 
Bay COUNTIES 
Tested to oa POWER 
120,000 Voils. COMPANY. 
2 & 





On Longest Power Transmission Lines in the World 


go0,000 LOCKE INSULATORS in use on the Pacific Coast, 
Operating on Line Pressures sures up 06 to 60,000 Volts. . . . 4. 


JNO. MARTIN & CO. 


PACIFIC COAST AGENTS 


31-33 New Montgomery Street, SAN FRANCISCO. 
Pacific Northwest Office: Pioneer Block. Seattle, Wash. 
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Centrifugal Pumps 


for all duties 


i ei ee ne ee ee 


Specially adapted for 
direct connection to 
eleciric motors in 


irrigation service 


ee ie 


Byron Jackson Machine Works 


Works: 625 Sixth Street, San Francisco 


Branch Office: 
201 North Main Street 


Los Angeles 


Business Office: 


411 Market Street 
San Francisco 
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Pacific Coast Agents: 


WYBRO-HENDY COMPANY 
38-44 Fremont Street SAN FRANCISCO 





IMPROVEMENT THE ORDER OF THE AGE. 


a No. 


SMITH PREMIER TYPEWRITER 


Numbers of important improvements 
which are foundin noother writer. 


GREATEST YET PRODUCED. 
@&@ Write for Mlustrated Catalogue. 
LEO. E. ALEXANDER & BRO., 
SAN FRANCISCO. 








TRANSACTIONS FOR SALE. 


The transactions of the Pacific Coast Electric 
Transmission Association, Santa Cruz, Sacramento 
and San Francisco Conventions, have been bound in 
paper and are for sale price 50 cents each, post free. 


Address, 
Geo. P. Low, Secretary, 


238 Crocker Building, San Francisco. 
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THE PELTON WATER WHEEL (. *5**<. 


Water Wheels for 


every variety of 








service — electric 
transmission plants 
in particular. « « « « 


Th PELTON 
is the pioneer and 


standard wheel for 
efficiency 


oan... 


reliability 








| OE Gig at ES 





Send for our illustrated cataldgue 





PELTON WATER WHEEL (upper housing removed) intended for direct connection to electric generator. 








Worthington Pumping Engines and Hydraulic Machinery 





HENRY R. WORTHINGTON 


ey ee so Nini ) )) ReRereeere cesar 
pot ming Peewee ells vs U ia | S ae 














OFFICES : 
New York, Boston, Philadelphia, St. Louis, Chicag, Cleveland, Indianapolis, San Franci:co, London, Paris, Berlin, Vienna, Amsterdam, Brussels. 
Hydraulic Works at Brooklyn, N. Y. and Etizab:thport, N. J. 


PACIFIC COAST BRANCH OFFICE: Rooms 27-28, Thira Floor, MILLS BUILDING, SAN FRANCISCO 


Telephone, MAIN 568) Address all communications to HENRY R. WORTSINGTON 





LOCAL AGENTS: Moran Bros. & Co , Seattle : Tatum & Bowen, Portland : Baker Iron Works, Los Angeles 


MAdbbbddddddddddddddddddddddddddddddddddaddeddde 
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Westinghouse ee 
Church ba & weg Complete Power Plants 
ENGINEERS ‘ for Industrial Purposes 
New York, Boston, Philadelphia, Pittsburg, Chicago, Detroit 
Sell the product of 
The Westinghouse Machine Co. Gas Engines Steam Engines 
Pittsburg —M anufacturers—Chicago Roney Mechanical Stokers 
s 
| Westinghouse 
Generators 
and Motors 
Generators Motors 
Built in Sizes Built in Sizes 
up to 5000 hp. up to 850 hp. 








2 TTT a 


Installed in nearly all the best eouipped Railway, Lighting and Power Plants 


Westinghouse Electric 


All ee Cities & Manufacturing Co. Pittsburg, Pa. 











40a 














3 LUMINUM feeders are less than one- 
° half the weight of copper feeders and 
| ul mm | n u In) are of equal conductivity and strength. 
* Joints of aluminum feeders can be easily, 
R a | | W a cheaply and satisfactorily made. 
If wire or cable is required to be insulated, 
high-grade insulation is guaranteed. 


; f e e d e ; Ss Price-list with full information furnished 
‘ 


esc | Power-Transmission, 


PITTSBURGH, PA. - 


eee Telephone and 


JNO. MARTIN & CO. 


svao nev coatemey | Telegraph Wire 


SAN FRANCISCO, CAL. 


Pacific Northwest Office: Pioneer Block, Seattle, Wash. 
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ANNOUNCEMENT! 


bas ELECTRICAL ENGINEERING COMPANY 


begs to announce that it has purchased the fac- 





tory of the now-defunct Pactric IncanpEscent Lamp 
Company, of San Franciseo, and has engaged -in the 
manufacture of strictly first-class Incandescent Electric 
Lamps upon a scale never before attempted west of 
the Mississippi. 

In addition to “refilled” or ‘‘ renewed” lamps, 
which will bear the label ‘‘ Pacific” as hei ctofore, the 
Electrical Engineering Company will manufacture 
entirely new lamps to be known as the ‘‘Calffornia’’ 
and which will be marketed under the guarantee that 
they are equal in every respect to the best lamps of 
any other manufacture. 

These lamps will be placed upon the market on 
or before May 1, 1901, and will be sold at attractive 
prices, based upon the advantages of local manufacture. 


ALL VOLTAGES 
ALL WATTAGES 


ALL CANDLEPOWERS 
ALL FORMS OF FILAMENTS 





Electrical Engineering Company 


509-511 Howard Street, SAN FRANCISCO 





ADDRESS ALL COMMUNICATIONS TO 


CHAS. F. SLOANE, 
General Sales Agent, 
MILLS BLDG., SAN FRANCISCO 


Branch Offices: 


Seattle Los Angeles 
Honolulu City of Mexico 
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UNION 


Gas and Oil 


ENGINES — 


Built in San Francisco 
for fifteen years. ..... 





Over 3 3000 in ise 








Engines from 2% to 300 horse- 
power under construction 
for prompt delivery. 





Send for illustrated catalogue 


UNION GAS 
ENGINE CO. 


San Francisco. 





Fitted to run on ‘iasoline, Naphtha, Benzine, Distillate and Manufactured or Natural Gas 


CA ¢e~eee~etdbdbhikhkdéidéididéd 


Oifice: 134 SUTTER STREET 
4 San Francisco, Cal. 


wowe« SL6AM Automobile Wagons 


We build to order steam wagons suit- 
able for all kinds of heavy hauling 
and adapted to all roads. 














On early orders "sr mish 


legal bond cover- 
ing cost of machine, as a guarantee of 
the efficiency and practicability of our 
automobiles. 














Orders filled ready for delivery 
tn from six to eight weeks........ 


LikgieikhihiZi'ZeirieiLis ih 'h iLL nit Zit it it igiZis 





Steam Lumber, Brewery, Grain, Ore, 


Wagon of four tons capacity, on exhibition at our shops, 626-628 Bryant St., San_Francisco. Oil Wagons, Trucks, Drays and Stages 
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REPRESENTATIVE INSTALLATIONS — 9. 


HOTEL ALEXANDRIA, SAN FRANCISCO, CAL. 
15-HP. PASSENGER ELEVATOR. 


ELEVATORS 


for PASSENGER, FREIGHT or MINING service 














Absolutely Automatic 
Have all Safeties 
Positively Perfect 
Their general economy 


defies competition 





509-511 Howard Sircet 


THE electrical manufactory of the West 





























Electrical Engineering Co. 


SAN FRANCISCO 














Li P. DEGEN, MANUFACTURER OF 





4 electrical insulating. 
Belting and Lace Leather of the electrical transmission plants on the Pacific Coast. 


pins for the Standard Electric Company, the Bay Counties Power Company, 


105 and 107 Mission St., SAN FRANCISCO. 


DYNAMO BELTING A SPECIALTY. 


Telephone Main 562 


GILLESPIE’S 


Experts declare it the best pin made. 


Jno. Martin & Co., and manv o-hers. Address;, 





INSULATOR PINS 


This pin is made of seasoned eucalyptus, a wood particularly adapted for 
In use in most 
We are making 


Hardwood Paning Mill Co. 24% 4°5€. 





DIRECTORY OF RELIABLE ENGINEERS. 





A. E. BROOKE RIDLEY 


and CONTRACTOR. 10 Front Street 








ELECTRICAL ENGINEER 597-599 Parrott Building 


San Francisco, Cal. 





EDWARD Ss. COBB 


Designing and Consulting 


MECHANICAL AND HYDRAULIC ENGINEER 


Plans, Estimates, Specifications, Tests, 
Supervision of Construction 


Room 223, Homer Laughlin Bldg.., - 
315 South Broadway, Los Angeles, Cal. 


SIDNEY SPROUT nse 


| FRANK E. SMITH 


Supervising Electrical Engineer Consulting and Supervising 


STATION ECONOMICS A SPECLALTY, 


Electrical Engineer 


106 CROCKER BLDG., SAN FRANCISCO | 418 Eugenia Ave, (Phone, Blue 751) San Francisco 





LEWIS A. HICKS 
Civil Engineer 


oe 
Irrigation, Sewerage, Water Supply, Hydraulic Power 
and Pumping 
Mills Building, SAN FRANCISCO 
Room 9, Third Floor Telephone Main 1322 


ROBERT [icF. DOBLE 


FRANK H. BATES 


Chemical and Gas 


Mechanical Engineer ..... 
a and Electrical RANTS 7068 Guererro Street, San Francisco 
ee men Engineer ecnen Analytical Laboratories for examination of Fuels, 
Constructing enneeee, wast | Se Se Soe ae eS wee te Suet 


economy. Gas Engines and Motor Vehicles tested 





EDWARD P. BURCH 
Consulting 
Electrical 
Engineer 


1210 Guaranty Building, Minneapolis, Minn, 





W. STUART SMITH 





ENGINEERING OFFICES 


| 331 Pine Street, : San Francisco, Cal. 


Mechanical E. H. Benjamin, Mining Engineer 
| A. M. Hunt, Mechanical and Hydraulic Engineer 
and Electrical | Wynn Meredith, riectrical Engineer 
Engineer c.L. Cory, Electrical and Mechanical Engineer 


U.S. Navy Yard, 


Expert Examinations: Advisory Reports :Construction Supervision 
Cavite, P.1.! Telephone, Main 1870. Cable address, “Edben.” 


When writing adve: tisers kindly mention TH: JOURNAL OF ELLCTKICITY FOWEB AND Gas, 


























xii THE JOURNAL OF ELECTRICITY, POWER AND GAS. 









ABNER DOBLE COMPANY 


ENGINEERS 

















High-class Tangential Water Wheels 
for Electric Power Transmission Service 








FREMONT AND HOWARD STREETS : : : : SAN FRANCISCO 


SEATTLE OFFICE: 411 New York Building, Seattle, Wash. 
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New York Lubricating Oil Company isaxSsessr asses 
cummnaae.-- 1 S.C. TRANSFORMER OIL 


530 California Street, SAN FRANCISCO (Rooms 3 and 5) 35 Water St., New York 


OOOO) O00 OO OO OO OOOO O00 00 00 0 00 OO OOOO OO OU OOO O00 OOOO 000 000 OOH 0-0-0-000000- 0 0-0-0 OO O-- 


>0-0-0-0-0-00-000-000-00 
560-0-0-0000-0000000 






































. MISCELLANEOUS \ 
1 25-kilowatt, 110-volt, multipolar, direct-current gen- \ 
erator, complete with pulley, iron foundation, belt \ 
ee RS Ae eS Ae eee $450.00 i 
1 225-light, 110-volt, bipolar dynamo, complete with S 
OOOOOMROMO™MOMOOOOOOOD LY pulley, belt tightener, base frame and rheostat...... 300.00 
1 #¢-horsepower, 110-volt, direct-current motor........ 30.00 & 
1 1%-horsepower, 110-volt, direct-current motor....... 50.00 \ 
1 24%-horsepower, 220-volt, direct-current motor....... 75.00 \S 
. 1 10-horsepower, 220-volt, direct-current motor........ 160.00 \ 
1 20-horsepower, 220-volt, direct-current motor........ 300.00 
N When the Fort Wayne Elec- 1 40 horsepower, 500-volt, direct-current motor........ 450.00 5 
, ‘ 1 3-are dynamo, 3-circuit, marble switchboard, with \ 
tric Cor poratio n went SEE Ne Se COUN ION oe oc ok ne cock vcin ccs vocvaes 35.00 \ 
‘ 1 2-are dynamo, 2-circuit, marble switchboard, com- . 
: m BE eaPG Miss. b<  RNMORUKE AE eiuk visas RUT Chow es Katse does 20.00 & 
N into bankruptcy, the under 1 1000-volt, marble base ground detector for switch- 
g 4 I age tea CR Lh kira cae pawn bp icdwmccake stack. 7 50 \ 
signed bought the entire stock 1 commutator for No. 6 “ Wood” are dynamo......... 15.00 \ 
; d b 4 S F : f 1 self-starting, 1-horsepower, 110-volt, 60-cycle, syn- S 
its n Francisco otf- OU elo ois app nc te sceneeetsc cwsManises nbes 90.00 & 
Carne y ° 30 “‘Wood” are cut-outs, absolute breaks, each........ 2.50 . 
: 1 20-horsepower, 500-volt, 7200-alternator, single-phase \ 
fice from the Assignee. Much Oe COE TRIE oes ook cc cc cccecces s we amine 325.00 \ 
5 1 2%-horsepower, starting motor for above (if used as . 
. of this stock has been sold, but UN OS c0 vis sv ckneudy (caccb Git Peale ce. 175.00 \ 
N the following yet remains to be INCANDESCENT LAMPS S 
. disposed of at the prices indi- 125 S-candlepower, 110-volt, Edison hase. ; 
250 16-candlepower, 110-volt, r] 
Y : 109 16-candlepower, 112-volt,  “ es . 
. cated. It IS all new and of the 300 16-can lepower, 114-volt, . “a i at 18 cents each : 
N ‘ce ” 500 16-candlepower, 116-volt, re vt s 
‘ Fort Wayne ( Wood ) types. 300 16-candlepower, 120-volt,  “ ine ‘ 
y 100 16-candlepower, 116-volt, T.- H. base.... \ 
“ See acca 25 32-candlepower, 110-volt, Edison base....at 25 cents each S 
A All prices are net cash, f.o.b. San Francisco The above are new lamps made by the General Incandes- \ 
S P wae dies a cent Limp Company, and bearing ** Fort Wayne” labels. S 
re METERS ‘ 
N F, N. DEI ANOY New, in original packages : 
N 2 5-light ‘‘Duncan’”’ wattmeters, each.............. $10.00 \ 
\ am 1 40-light % sts ig Sl Sree Ae N | 
\ Central Block Al eda, Cal. 4 50-light “ fog hs Oe oe 13.00 \ 
N 3 60-light o ne fe Ae 13.50 SN 
\ 2 75-light . 5 sgt oe ee 13.50 » 
3 100-light * . Oy cae ee ias 13.50 N 
2 125-light * " aT ih aig oie 0s 13.50 
IP 
a tat tin te a 9 20-light ‘‘ Duncan’’ ampere-hour meters, each..... 12.50 \ 
12 30-light “ " “ ee 13.50 \ 
4 20-ampere “ Duncan” wattmeters, each. .......... 12.00 \ 
7 25-ampere ws ‘is wy asuaeeaaad<t 13.50 
1 50-ampere - m ae eae 13.50 N 
N 
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LIGHTEN THE “WHITE MAN’S BURDEN” 


The fireman will rejoice and it won’t matter much to the coal man if you cut him 5 or 10 % now that business is good. 


(Clean Boilers.) Try it. 


Dearborn Drug and Chemical Works, “preciso 


DEARBORN FEED WATER TREATMENT 


SEND A GALLON JUG OP WATER FOR ANALYSIS. 


Ww. H, Epcar, 


29-33 Rialto Bldg., Chicago, III. 





TABLE OF CONTENTS. 


Illustrated articles are designated by an asterisk (*); Editorial by a dagger (f). 


Gas 


*Industrial Gas—XVII, by Frank H. Bates 


Jifining 


Electric Hoists in the Transvaal........+.0+++. 


eeeeeeeeeee * 


Steam 


PAGE 


*American Practice in Steam Turbine pated pd Francis — 


kinson.. 


pPransmission 


*Cost of Transmission Comductors........ssescecseeceeseceeenes sae’ 
tTransmission and California Industries 


Pransportation 


° *Railway Motor Performance 





BUYERS’ DIRECTORY. 





Aluminum 

Pittsburg Reduction Company. 

Are Lamps 

Brooks-Follis Electric Corporation. 
California Electrical Works. 

General Blectric Company 

Westinghouse Electric & "seemiitnatintns Co. 
Automobiles 

Saxton Steam Wagon Company. 
Batteries 

Brooks-Follis Electric Corporation. 
California Electrical Works, 

Sloane, Chas. F. 

Belts and Belting 

Degen, L. P. 

Books 

Spon & Chamberiain. 

Carbons 

Brooks-Follis Electric Corporation. 
Sloane, Chas. F. 

Chemicals 

Dearborn Drug and Chemical Works. 
Dynamos and Motors 

Bullock Electric Manufacturing Company. 
California Electrical Works. 

Doble Company, Abner. 

Electrical Engineering Company. 

General Electric Company. 

Sloane, Chas. F. 

Stanley Electric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 
Electrical Supplies 

California Electrical Works. 

General Electric Company. 

Sloane, Chas. F. 

Westinghouse Electric & Manufacturing Co. 





Educational 


Heald’s Business College. 
Van der Naillen School of Engineering. 


Elevators 
Electrical Engineering Company. 


Engineers 

Bates, Frank H. 
Cobb, Edward 8. 
Doble, : Lewin A 


ynn 
Ridley, A. E. Brooke. 
Smith, Frank E. 

Sprout, Sidney. 

Westinghouse, Church, Kerr & Co. 


Gas Engines 


Union Gas Engine Company. 
Westinghouse, Church, Kerr & Co. 

Gas Works Builders 

Western Gas Construction Company. 
Instruments 

California Electrical Works. 

General Electric Company. 

Stanley Electric Manufacturing Company. 
Weston Electrical Instrument Company. 
Westinghouse, Church, Kerr & Co. 


Incandescent Lamps 

Brooks-Follis Electric Corporation. 
California Electrical Works. 

Colorado Lamp Company. 

Electrical Engineering Company. 

General Electric Company. 

Sloane, Chas. F. 

Westinghouse Electric & Manufacturing Co. 





THE JOURNAL OF ELECTRICITY, POWER AND GAS 
SAN FRANCISCO, CAL. 


Please enter the undersigned name on your list of sub- 
scribers to THE JOURNAL OF ELECTRICITY, POWER AND GAS. 
Enclosed herewith find $1.00 in paymert of the same for one 


year beginning with the issue of. 


Name 








Address 








Insulating Compound 
Brooks-Follis Electric Corporation. 
New York Insulated Wire Company. 
Paraffine Paint Company. 

Line Materials 

Brooks-Follis Electric Corporation. 
Knowles, s. 

Locke, Fred M. 

Sloane, Chas, F. 


Poles, Cross Arms and Pins 
Hardwood Planing Mill Co. 

Union Lumber Company. 

Power Transmission 

Bullock Electric Manufacturing Company. 
General Electric Company. 

Stanley Blectric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 
Pipe 

National Tube Company. 

Pumps 

Garratt & Co., W. T. 

Jackson Machine Works, Byron. 

Moore & Co., Chas. C 

Worthington, Henry R. 

Railway Supplies 

General Electric Company. 

Sloane, Chas, F. 

Steam Boilers 

Babcock & Wilcox Company. 

Jackson Machine Works, Byron, 

Oakland Iron Works. 

Steam Engines 

Garratt & Co., W. T. 

Ide & Sons, A. L. 

Jackson Machine Works, Byron. 

Moore & Co., Chas. C, 

Oakland Iron Works. 

Westinghouse Machine Company. 
Telephones 

Brooks-Follis Electric Corporation. 
California Electrical Works. 
Transformers 

General Electric Company. 

Stanley Electric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 
Water Wheels 

Doble Company, Abner. 

Knight & Company. 

Oakland Iron Works. 

Pelton Water Wheel Company, The. 
Wires and Cables 

American Steel & Wire Company. 
California Electrical Works. 

New York Insulated Wire Company. 
Okonite Co., Ltd., The. 

Pittsburg Reduction Company. 

Standard Underground Cable Co. 
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PASS & SEYMOUR | 
Electrical Specialties | 
in Porcelain | 


You know how HIGH GRADE our goods are, but | 


you may sot know how Low you can buy them || 
+ 





Write for 


pricesio CHAS. F. SLOANE, H PONY eg 
| Pacific Coast Sales Agent Mills Bldg., San Francisco H 




















Syracuse Changeable Headlight 


Manutacturea by the Crouse, Hinds Electric: Company, syracuse, n. v. 


Simple WE will outfit one of 
‘ your cars with our 
Convenient : 
headlight for a 30-days’ 
Efficient 


‘trial and if you are not 


then convinced that it is 
The only perfect electric 


headlight for trolley cars 


what you want, you can 


return the headlight. 





Changeable ALL THIS AT NO EXPENSE 
TO YOU. 
End to End 
ied Samples of the Syra- 
Car to Car 


euse Headlight can be 


inspected at our San 


Cannot get Francisco office, Room 1, 
out of order! second floor, Mills Bldg. 


CHAS. F. SLOANE, Exctusive sates agent for the Pacitie coast, Mills Building, San Francisco 


LOS ANGELES SEATTLE HONOLULU 


STOMBAUGH GUY ANCHORS =<. 


No digging necessary No deadmen needed 














Cheapest method of anchoring all kinds of guys 
Anchor can be bored into the ground as an auger 


For anchoring Telegraph, Telephone, Electric Light and Street 


Railway Poles at one-half the expense of any other method. 
Made in two styles and in all sizes from 34, inches to 12 inches diameter. 


CHAS. F. SLOANE, Pascitic coast saies agent, = = - Mills Building, San Francisco 





























. When writing advertisers kindly mention THE JOURNAL OF ELECTRICITY, POWER AND GaAs. 











aA RE OR SS nS 





xvi THE JOURNAL OF ELECTRICITY, POWER AND GAS. Vol. XI=Me. 2 





--+-THE.---- 


N.K.C° NORTHERN SYSTEMS 


Long-Distance Transmission 

Central Station Distribution (direct or alternating) 

Mill, Mining and Factory Service 

Electric Railway Generation, Transmission and Distribution 


Complete eqiupments for...... 





An Interior View of Colgate No. 1 Power House of the Bay Counties Power Company, 


Induction and synchronous motors, incandescent arc lighting 
or power transformers; and high-grade switchboards. 





Stanley Electric Manufacturing Co., Northern Electric Manufacturing Co., 


Pittsfield, Mass. Madison, Wis. 


JNO. MARTIN & CO, 


Pacific Coast Agents 


doh 33 NEW MONTGOMERY STREET, . SAN FRANCISCO 


Pacific Northwest Office: Pioneer Block; Seattle, Wash. 





AAA 
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McINTOSH & SEYMOUR ENGINES 





ee ee 
C ae 


‘Thompson’s 

















pattie Polyphase = 
ALL SIZES 
NOW READY uF 
; ALL SPEEDS bis 
: The new AUTHORIZED AMERICAN edition of 
| ee Polyphase Electric Currents . 
Engineers and Dealers in ; 
7 . ceo ED aimee : 
& ~ CHAS. C MOORE ae G0. High-Grade Machinery wie i 
: LOS ANGELES 32 First Street, San Francisco SEATTLE Alternate Current Motors * i! 
' —by — 
SILVANUS P. THOMPSON, D. Sc., B. A., F.R.S. | | 
, revised and enlarged £ 
— | 
11 two-colored illustrations u 
13 three-colored illustrations ‘H 
showing the windings of ; ) 
polyphase generators : 


8 large folding plates 


A Special section on ROTARY TRANSFORMERS 


508 pages, 357 illustrations, 8vo, cloth riff 


2 £ = i ATLANTA, GA. 
heen hea EP horvcans ig@MMEAND mexico cry 
PHILADELPHIA achicdeo: — -/ 
642 DREXEL BLDC. 5 MARQU 3 DN DI st. . LDG. 7 AVENIDA JUAREZ . ‘ ; ; 
SAN FRANCISCO ™ 3b) R ws = HAVANA, CUBA Send us your name and address for full descriptive ball 
32 FIRST ST. — PIR TA = ee (16% CALLE DE LA HAVANA circulars 


Price ta $5.00 ui 


Books expressed prepaid on receipt of price 








CHAS. CC. MOORE, Manager Pacific Coast Branch, San Francisco 


Best by Test! M A GNETS 


| TUTTHILD ELECTRIC i 
WATER WHEELS 











CURRENTS 


An elementary treatise for the use of electrical 
artisans and science teachers. 





7 Adaptable to All Speeds and Heads ii 
; High in BMiciency!. Low in Cost! By J. A. FLEMING, M. A., D. Sc., F.R.S. at 
“4 Write for our 1999 Water Wheel Catalogue. ny : / 
ty ‘ It is replete with hydraulic data and—gratis 408 pages, 133 illustrations, 12mo, cloth ; : 
ay : 
4 Price, $3.00 Full descriptive circular on application 

q OAKLAND IRON WorkKS 
ws Business Office: SPON & CHAMBERLAIN 

330 Market Street, >an Francisco. Publishers of books on all branches of enczineczitz 

’Phone, Main 1007. Sole Ageuts for SCIENCE ABSTRACTS ’ - 


~ 


tals ~ - = > _ ecinidaesne 
- = en Ir ema iment y 
Re OE OLS REAR NC I —— we OA $1 RCE EOI ct i et NE LCD COCCI TOES 





yf Works — Second and Jefferson Streets, 
Oakland. ‘Phone, Main 342, 


All our Wires—New Code Standard 


NEW YORK INSULATED WIRE COMPANY i 


Main Office, 13-17 Cortlandt Street, New York 


JOHN R. COLE, Sales Agent, 


33 Second Street, = - SAN FRANCISCO 


HAVE YOU A DOLLAR HANDY ~ semi’ aeaity rv ote 
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12 Cortlandt St., New York, U.S.A. 














Write for our new catalogue 
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IT IS ALL. THE NAME IMPLIES! 


Automatic and Self-Oiling 


The “Ideal” Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 


A, L. IDE & SONS, Manufacturers, Springfield, Il. 


W.H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO, CAL. | 


NATIONAL TUBE COMPANY. 


MANUFACTURERS OF 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED PIPE only is used tor extreme pressures. Among 
ceivers for power lines up to 30 inches } those using our pipe lines for this purpose may be mentioned the fol- 


diameter, with lead joints, expanded and § lowing California companies: 
riveted joints, cast-iron or rolled-steel 




















San Joaquin Electric Co. ............. 20-inch pipe, 1411 head, 612 lbs. pressure. 
flange joints, or solid welded flange joints. Biase Lakes Water Co... .. 05 icccs coos ee “eee Oc ae is 
We also manufacture a full line of we!ded Mt. Whitney Power Co. ... 0.600 iceees ao. ** i ea * 
and seamless tubular goods. Standard Electric Co. of California... 30 ‘* ‘oe, ae * ee 





New York Sales Office, Havemeyer Building. P.O. Box 2245. 


IMPERIAL PORCELAIN —2==::.. 


TRACE 





a rr} 


HIGH-POTENTIAL INSULATORS wn 


These Insulators are in exclusive use on such important power transmission lines as: 





SOUTHERN CALIFORNIA POWER Co., - - - Redlands to Los Angeles 





SNOQUALMIE FALLS POWER Co., - - - 
- - - Snoqualmie Falls to Seattle and Tacoma 


WEST KOOTENAY POWER AND [LiGHT Co., - - - 
- - - Bonnington Falls to Rossland 


NIAGARA FALLs PowER Co., - - - - - Miagara Falls to Buffalo 


Hupson RIVER POWER TRANSMISSION Co., - - - 
- = + Mechanicville to Schenectaay 


and many others. 


Address all correspondence to 


“Hs 


General Sales Agent 











7 Arch Street, 
BOSTON, MASS. 


Eight Different Types — All Voltages. 
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KNIGHT'S « WATER « WHEEL 


KNIGHT 


S| EE | ie | CN | Re Gate 


& CO.) 





The accompanying cut shows the general arrangement of KNIGHT’S ‘STANDARD WATER WHEEL, of 


which there are HUNDKEDs IN USE in differeut States of the Union. 
feet in diameter, from 10 to 1000 horse power and adapted to all heads and purposes 


in iron cases from 6 to 24 inches. 
Governors. Highest regulation guaranteed. 


For full particulars send 
for descriptive catalogue. 


Wheels for 


‘These wheels are made from 2 to 6 
Wheels inclosed 
electrical power can be furnished with or without 


Address all communications to 


KNIGHT & CO., Sutter Creek, Cal. 





IMPROVED 
LOWE 


General Gas Works Machinery 


WESTERN GAS CONSTRUCTION CO, : : 


WATER (7AS APPARATUS 


-*» Gas Valves and Supplies 


Fort Wayne, Ind. 
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Renwood Potgs 
co ocd 
Union Lumber Company 


TELEPHONE 
In lots and sizes to suit at short notice. 
ROM 28 CROCKER BUILDING, SAN FRANCISCO 





L. D. HITZEROTH 
President 


S. H. Wr IDENTHAL 
Gen’l. M’g’r. 


CENTURY ELECTRIC 60. 


ENGINEERS and 
CONTRACTORS 


Switchboard Work 
Plans and Specifications 
Wiring and Conduit Work a specialty 


31 Secoad Street : : Sam Francisco 
Stanley A. C. Wattmeters 


Permanent Accuracy Guaranteed 





Stanley Instrument Company 


San Francisco, 31-33 New Montgomery St. 
New York, 146 Broadway. 


REDUCE THE COST OF LIGHT 


by getting the best lamps. Try ours. 
Most light - Least current - Longest life 
\ Let us tell you why and how. 
§ Sample lamps free. 
THE COLORADO LAMP Co., 
2052 California St., DENVER, COLO. 











—SCHOOL OF— 
PRACTICAL ENGINEERING 
(ELECTRICAL, CIVIL, MINING AND MECHANICAL) 
Surveying, Drawing, Architecture and Assaying. 


113 Fulton St., : : San Francisco 
(One block above New City Hall) 


A. VAN DER NAILLEN, President 
Send for circulars Established 1864 


BUSINESS COLLEGE 


—AND— 
SCHOOL OF ENGINEERING 





Electrical Engineering Department 
ORION BROOKS, Instructor. 


Mining and Assaying Department 
G. W. MILES, M. 8., Instructor, 


24 Post Street. San Francisco. 





OUNG MAN with several years of fac- 
tory and electric light station experi- 
ence wishes position of responsibility 

in some western state. Is capable of taking 
charge of a station. Will refer to present 
employers. Address: W. S. MITCHELL, 
228 Broadway, Somerville, Mass. 
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TYPE 


G ENERATORS 





BULLOCK: ELECTRIC MFG CO CHEMIN ATIOUS Ar 


Facific Coast Agents, WYBRO- HENDY COMPANY. 38-44 Fremont Street, San Francisco 








IMPROVEMENT THE ORDER OF THE AGE. 











ae No. TRANSACTIONS FOR SALE. 
The transactions of the Pacific Coast Electric 
Transmission Association Santa Cruz, Sacramento 
SMITH PREMIER TYPEWRITER and fan Francisco Conventions, have been bound in 
Numbers of important im ments paper and are for sale price 50 cents each, post free. 
which are foundin noother writer. Address, 
GREATEST YET PRODUCED. Gro. P. Low, Secretary, 


M@- Write for Mlustrated Catalogue. 
LEO. E. ALEXANDER & BRO., 
SAN FRANCISCO. 


POWER TRANSMISSION | 


Managers have no line troubles when using 


Locke Insulators 


238 Crocker Building, San Francisco. 














Centrifugal Pumps. 
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sz oI for all duties 
Specially adapted for 
ed b 
VICTOR or , a 
ANDARD n n 

TYPE... sees irect connection to 
ae CSR seo eleciric motors in 
60,000 Volts. Paes : 

pee Se ONO Be, irrigation service 

"oa fe Volts — - 
“ wee COMPANY. + i 
H Byron Jackson Machine Works 
wt wt ; : Works: 625 Sixth Street, San Francisco 
saat = Business Office: Branch Office: 

On Longest Power Transmission Lines in the World | £ 411 Market Street 201 North Main Street 
goo,o00 LOCKE INSULATORS in use on the Pacific Coast, E San Francisco Los Angeles 
Operating on Line Pressures sures up to 6 to 60,000 Volts. . . . «. + ; 

JNO. MARTIN & CO. | 8 
PACIFIC COAST AGENTS . 
31-33 New Montgomery Street, SAN FRANCISCO. = 
Pacific Northwest Office: Pioneer Block, Seattle, Wash. ee cae ne mee nme ee ee ee wes oe 
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THE PELTON WATER WHEEL (9, “52s: 
2 
0) 





Water Wheels for 
every variety of 
service — electric 
transmission plants 
in particular, « « » « 





The P ELTON 
is the pioneer and 


standard wheel for 
efficiency 


«and... 


reliability 





Pn oe 3 et Writ) 


one ——— x a 


Send for our illustrated catalogue 





PELTON WATER WHEEL (upper housing removed) intended for direct connection to electric generator. 





Worthington Pumping Engines and Hydraulic Machinery 


HENRY R. WORTHINGTON 


«land hii wilh ye veeineanmenaneene Seliiien euatineee tor of 
Electric and Power | U rit S duties 











OFFICES : 
New York, Boston, Philadelphia St. Louis, Chicag>, Cleveland, Indianapolis, San Franci3co, London, Paris, Berlin, Vienna, A msterdam, Brussels. 
Hydraulic Works at Brooklyn, N. Y. and Elizabethport, N. J. 


PACIFIC COAST BRAN«H OFFICE: Rooms 21-28, Third Floor, MILLS BUILDING, SAN FRANCISCO 


Telephone, MAIN 5680 Address all communications to HENRY R. WORTHINGTON 


LOCAL AGENTS: Moran Bros. & Co., Seattle : Tatum & Bowen, Portland : Baker Iron Works, Los Angeles 


POPPY TAIN 
Mbbdddddddddddsddsdsdddssdsdssddssddcds 
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Westinghouse, 
Church, Kerr & Co., 


ENGINEERS 
New York, Boston, Philadelphia, Pittsburg, Chicago, Detroit 
Sell the product of F 
The Westinghouse Machine Co. 
Pittsburg—Manufacturers—Chicago 


Designers and Installers of 


Complete Power Plants 


for Industrial Purposes 


Gas Engines Steam Engines 
Roney Mechanical Stokers 








Generators 


Built in Sizes 
up to 5000 hp. 


All Principal Cities 





Westinghouse 


Generators 
and Motors 





Installed in nearly all the best eouipped Railway, Lighting and Power Plants 


Westinghouse Electric 
Sp Chat ashe hiaiaiie & Manufacturing Co. 


Motors 


Built in Sizes 
up to 850 hp. 





Pittsburg, Pa. 




















LUMINUM feeders are less than one- 


‘ half the weight of copper feeders and 
u mM | n u mM are of equal conductivity and strength. 


_ Joints of aluminum feeders can be easily, 


® 
R a | i W a y cheaply and satisfactorily made. 


If wire or cable is required to. be insulated, 
high-grade insulation is guaranteed. 


| e e d e } Ss Price-list with full information furnished 





on application. 





The Pittsburgh 
Reduction Co. 


PITTSBURGH, PA. 





Paciric Coast AGENTs, 


JNO. MARTIN & CO. 


31-33 New llontgomery St., 
SAN FRANCISCO, CAL. 


Pacific Northwest Office: Pioneer Block, Seattle, Wash. 








Power-Transmission, 
Telephone and 


Telegraph Wire 
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ANNOUNCEMENT! 


S Rage ELECTRICAL ENGINEERING COMPANY 

begs to announce that it has purchased the fac- 
tory of the now-defunct Pacitric INcanpEscENT Lamp 
Company, of San Francisco, and has engaged in the 
manufacture of strictly first-class Incandescent Electric 
Lamps upon a scale never before attempted west of 
the Mississippi. 

In addition to *‘ refilled” or ‘‘ renewed” lamps, 
which will bear the label ‘‘ Pacific” as heretofore, the 
Electrical Engineering Company will manufacture 
entirely new lamps to be known as the ‘‘Calffornia’’ 
and which will be marketed under the guarantee that 
they are equal in every respect to the best lamps of 
any other manufacture. 

These lamps will be placed upon the market on 
or before May 1, 1901, and will be sold at attractive 
prices, based upon the advantages of local manufacture. 


ALL VOLTAGES 
ALL WAI1TAGES 


ALL CANDLEPOWERS 
ALL FORMS OF FILAMENTS 


Electrical Engineering Company 
509-511 Howard Street, 


SAN FRANCISCO 





CADDRESS ALL COMMUNICATIONS TO 


CHAS. F. SLOANE, 
General Sales Agent, 
MILLS BLDG., SAN FRANCISCO 


Branch Offices: 


Seattle Los Angeles 
Honolulu City of Mexico 
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UNION 


Gas and Oil 


Built in San Francisco 
for fifteen years. ..... 


Over 3000 in use 














Engines from 2% to 300 horse- 
power under construction 
for prompt delivery. 


Send for illustrated catalogue 


UNION GAS 
ENGINE CO. 


242-244-246 First Street  ——_—- | 40-horsepower ‘‘UNION”’ Engine 
San Francisco. ona 








Fitted to run on Gasoline Naphtha, Benzine, Distillate and Manufactured or Natural Gas 

















ZIAge¢eeegEedgehdiLLLtLiedé 


Office: 134 SUTTER STREET 
JOE; e a San Francisco, Cal. 


wees SCAM Automobile Wagons 


We build to order steam wagons suit- 
able for all kinds of heavy hauling 
and adapted to all roads. 


WA 


A 
- 








VA. 





On early orders wt ora coves 


legal bond cover- 
ing cost of machine, as a guarantee of 
the efficiency and practicability of our 
automobiles. 











Orders filled ready for delivery 
in from six to eight weeks... 





Steam Lumber, Brewery, Grain, Ore, 


Wagon of four tons capacity, on exhibition at our shops, 626-628 Bryant St., San Francisco. Oil Wagons, Trucks, Drays and Stages 


: 
: 
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15-HP. FREIGHT ELEVATOR 








} Smirn’s CASH STORE, SAN FRANCISCO, CAL. 
30-HP. PASSENGER ELEVATOR 





ELEVATORS 





for PASSENGER, FREIGHT or MINING 


service 








Absolutely Automatic 
Have all Safeties 
Positively Perfect 
Their 


defies competition 


Electrical Engineering Co. 


general economy 





509-511 Howard Street 


THE electrical manufactory of the West 


SAN FRANCISCO 





























L. P. DEGEN, MANUFACTURER OF 


Belting and Lace Leather 
{05 and 107 Mission St., SAN FRANCISCO. 


DYNAMO BELTING A SPECIALTY. 


electrical insulating. 





Telephone Main 562 


GILLESPIE’S INSULATOR PINS 


This pin is made of seasoned eucalyptus, a wood particularly adapted for 
Experts declare it the best pin made. 
of the electrical transmission plants on the Pacific Coast. 

pins for the Standard Electric Company, the Bay Counties Power Company, 
Jno. Martin & Co., and many others. 


Hardwood Planing Mill Co. 24% 4°S®. 


In use in most 
We are making 


Address, 





DIRECTORY OF RELIABLE ENGINEERS. 





A. E. BROOKE RIDLEY 


ELECTRICAL ENGINEER 
and CONTRACTOR. . 


597-5994 Parrott Building 
10 Front Street 





San Francisco, Cal. 








EDWARD S. COBB 


Designing and Consulting 


MECHANICAL AND HYDRAULIC ENGINEER 


Plans, Estimates, Specifications, Tests, 
Supervision of Construction 


Room 223, Homer Laughlin Bldg., 
315 South Broadway, Los Angeles, Cal. 


SIDNEY SPROUT nnn 
Supervising Electrical Engineer 


STATION ECONOMICS A SPECIALTY. 
106 CROCKER BLDG., SAN FRANCISCO 


FRANK E. SMITH 


Consulting and Supervising 
Electrical Engineer 


418 Eugenia Ave, (Phone, Blue 751) San Francisco 





LEWIS A. HICKS 
Civil Engineer 


ye 
Irrigation, Sewerage, Water Supply, Hydraulic Power 
and Pumping 
Mills Building, SAN FRANCISCO 
Room 9, Third Floor Telephone, Front 9 


ROBERT [icF. DOBLE 


Mechanical 
=r and Electrical 
nsultation CATARACT 
Supervision Engineer BUILDING 
Constructing SEATTLE, WASH 


FRANK H. BATES 


Chemical and Gas 
Engimeer ..... 
7068 Guererro Street, San Francisco 


Analytical Laboratories for examination of Fuels, 
Oils, Gases, etc, Tests male with a view to fuel 
economy. Gas Engines and Motor Vehicles tested. 





EDWARD P. BURCH 


Consulting 
Electrical 
Engineer 


1210 Guaranty Building, Minneapolis, Minn, 





W. STUART SMITH 
Mechanical 
and Electrical 
Engineer ¢ 


U.S. Navy Yard, Cavite, P. I. 


ENGINEERING OFFICES 
331 Pime Street, : San Francisco, Cal. 
E. H. Benjamin, Mining Engineer 
A. M. Hunt, Mechanical and Hydraulic Engineer 
Wynn Meredith, riectrical Engineer 
Cc. L. Cory, Electrical and Mechanical Engineer 
Expert Examinations :Advisory Reports :Construction Supervision 





Telephone, Main 1870. Cable address, “Edben.” 
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ABNER DOBLE COMPANY 


ENGINEERS 


SSS 7S FSS 58TSPS FS 5 MSSM S PSIG 8 S8S7SIS7S%SS 











| 


High-class Tangential Water Wheels 
for Electric Power Transmission Service 


SSS7S SS TS TS 7S SS 7S FS SO SS 9G P%O SG SOF 0 FG FG 8OFS 88 OFSFSSOF8 2 








FREMONT AND HOWARD STREETS : SAN FRANCISCO 


SEATTLE OFFICE: 411 New York Building, Seattle, Wash. 





a ee SSS SS 9S 8S 8S FS SS 8S TSS 59S FS. 59ST 5SSSS 5957S SSS S9S7F SMS SFTP FS7%S9SS FISTS PSPS TSI S VSS 


When writing advertisers kindly mention THE JoURNAL OF ELECTRICITY, POWER AND GAS. 














THE JOURNAL OF ELECTRICITY, POWER AND GAS. xiii 





New York Lubricating Oil Company sssrsstssr ants 


: wiwmeeae. =” 1.5.C. TRANSFORMER OIL 
: 530 California Street, SAN FRANCISCO (Rooms 3 and 5) 35 Water St., New York 


O44 ----- 00 0 0-0 0-000-0-0-0-0-0000000000000000000000000000000 0 





MISCELLANEOUS 


25-kilowatt, 110-volt, multipolar, direct-current gen- 
erator, complete with pulley, iron foundation, belt 


— 

















tightener RE EINES dine o ss eudidiicsa kab dedesenes $450.00 : 

1 225-light, 110-volt, bipolar dynamo, complete with 
pulley, belt tightener, base frame and rheostat...... 300.00 N 
1 %-horsepower, 110-volt, direct-current motor........ 30.00 \ 
1 1%-horsepower, 110-volt, direct-current motor....... 50 00 ‘ 
1 2%-horsepower, 220-volt, direct-current motor....... 75.00 \s 
1 10-horsepower, 220-volt. direct-current motor........ 160.00 \ 
1 20-horsepower, 220-volt, direct-current motor........ 300.00 = § 
When the Fort Wayne Elec- 1 40-horsepower, 500-volt, direct-current motor........ 450.00 \ 
> ‘ 1 3-are dynamo, 3-circuit, marble switchboard, with \ 
tric Cor porat ion went plugs and cables complete.......................05-. 35.00 | 
1 2-are dynamo, 2-circuit, marble switchboard, com- ‘ 
. 7" IN UIE Eas wis SON Ge VER nas sider ohne eeans core 20.00 § 
into bankruptcy, the under 1 1000-volt, marble base ground detector for switch- \ 
‘ : EES 0th, ba En VISE Sov rebncherndbsctcretedecsecs 750 
signed bought the entire stock 1 commutator for No. 6 “‘ Wood” are dynamo......... 15.00 5 

? : F : f 1 pt ie aul 1-horsepower, 110-volt, 60-cycle, syn- 
| si sa can eas we den. wKae eka be sces oe ks 90.00 . 
carried by Its San Francisco 0 30 ‘“‘Wood” arc cut-outs, absolute breaks, each........ 2.50 \ 
. 1 20-horsepower, 500-volt, 7200-alternator, single-phase N 
fice from the Assignee. Much OE ce Ss aw 6 Res dee saeseesqdues voces 325.00 \ 
‘i 1 2%-horsepower, starting motor for above (if used as % 
of this stock has been sold, but Em eos, sea aouWh don hace stcues«et «+ «- 175.00 y 
the following yet remains to be INCANDESCENT LAMPS N 
: , indi- 125 8-candlepower, 110-volt, Edison base.. | ‘ 
disposed of at the prices indi ee oe cae “i N 
: 100 16-candlepower, 112-volt, ss wore 4 
‘“ ” 500 16-candlepower, 116-volt, . -“ N 
Fort Wayne ( Wood ) types. 300 16-candlepower, 120-volt, ‘ a \ 
100 16-candlepower, 116-volt, T.-H. base... | ¥ 
a 25 32-candlepower, 110-volt, Edison base....at 25 cents each : 

. The above are new lamps made by the Gantial Ineandes- 
0.0. 1SCO ; 
All prices are net cash, f.o.b. San Francisc cent Lamp Company, and bearing ** Fort Wayne ’”’ labels. \ 
ted METERS ‘ 
§ °F. N. DELANOY Sor nro ane . 
: 7 2 5-light ‘“‘ Duncan” wattmeters, cach . wk aaee eee $10.00 \ 
Cal 1 40-light - 2 Peaienitnice « cae Se 
\ Central Block Alameda, i 4 50-light “ ss Pers ta Sewlass raoen xe \ 
. 3 60-light “ : ek des titre to'aa 13.50 N 
\ 2 75-light - ae ot ee 13.50 8 
‘ 3 100-light cy o ein Bran «wae 13.50 \ 
: 2 125-light “ _ = ge Oe 13.50 

aeactaan ae Sain 9 20-light ‘‘ Duncan”’ ampere- hour meters, each..... 12.50 S 
12 30-light . pe, eee 13.50 \ 
4 20-ampere ‘“‘ Duncan’”’ wattmeters, each. .......... 12.00 N 
7 25-ampere > = eS hgieices viann 13.50 iN 
1 50-ampere 7 TP Walaa 3% ikea 13.50 a 
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LIGHTEN THE “WHITE MAN’S BURDEN” 


The fireman will rejoice and it won’t matter much to the coal man if you cut him 5 or 10 4 now that business is good. 


(Clean Boilers.) Try it. 


Dearborn Drug and Chemical Works, “int” 


DEARBORN FEED WATER TREATMENT 


SEND A GALLON JUG OF WATER FOR ANALYSIS. 


29-33 Rialto Bldg., Chicago, Ill. 





TABLE OF CONTENTS. 


Illustrated articles are designated we an asterisk (*); Editorial by a dagger (f). 


Gas 


*Industrial Gas—X VIII, by Frank H. Bates 
Gas Engine Guarantees, by W. T. Magruder 


Horsepower of Gas Engines 


[Uumination 


*An Example of a Modern Isolated Plant 


JTiscellany 


tFour Factors in Climatology 


Steam 


*Steam Turbine Applications in Europe, by Frank C. Perkins...... 


elephony 


(The Berliner Patent Invalid 


pransmission 


*Swiss Alternating-Current Power Plants, by Frank C, Perkins 


pransportation 


European Three-Phase Railway Systems, by W. J. Hammer 





Aluminum 

Pittsburg Reduction Company. 
Are Lamps 

Brooks-Follis Electric Corporation. 
California Electrical Works. 
General Electric Company. 


Westinghouse Electric & Manufacturing Co. 


Automobiles 

Saxton Steam Wagon Company. 
Batteries 

Brooks-Follis Electric Corporation. 
California Electrical Works. 

Sloane, Chas. F 

Belts and Belting 

Degen, L. P. 

Bovoks 

Spon & Chamberlain. 

Carbons 

Brooks-Follis Electric Corporation. 
Sloane, Chas. F 

Chemicals 

Dearborn Drug and Chemical Works. 
Dynamos and Motors 

Bullock Electric Manufacturing Company. 
California Electrical Works. 

Doble Company, Abner. 

Electrical Engineering Company. 
General Electric Company. 

Sloane, Chas. F. 

Stanley Electric Manufacturing Company. 


Westinghouse Electric & Manufacturing Co. 


Electrical Supplies 
California Electrical Works. 
General Electric Company. 
Sloane, Chas. F. 


Westinghouse Electric & Manufacturing Co. 





BUYERS’ DIRECTORY. 





Educational 


Heald’s Business College. 
Van der Naillen School of Engineering. 


Elevators 
Electrical Engineering Company. 
Engineers 


Bates, Frank H. 

Cobb, Edward 8. 

Doble, Robert McF. 

Hicks, Lewis A. 

Hunt, A. M. 

Meredith, Wynn 

Ridley, A. E. Brooke. 

Smith, Frank E. 

Sprout, Sidney. 

Westinghouse, Church, Kerr & Co. 


Gas Engines 


Union Gas Engine Company. 
Westinghouse, Church, Kerr & Co. 


Gas Works Builders 

Western Gas Construction Company. 
Instruments 

California Electrical Works. 

yeneral Electric Company. 

Stanley Electric Manufacturing Company. 


Weston Electrical Instrument Company. 
Westinghouse, Church, Kerr & Co. 


Incandescent Lamps 


Brooks-Follis Electric Corporation. 
California Electrical Works. 

Colorado Lamp Company. 

Electrical Engineering Company. 

General Electric Company. 

Sloane, Chas. 

Westinghouse Electric & Manufacturing Co. 
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SAN FRANCISCO, CAL. 


Please enter the undersigned name on your list of sub- 
scribers to THE JOURNAL OF ELECTRICITY, POWER AND GAS. 
Enclosed herewith find $1.00 in paymert of the same for one 
year beginning with the issue of 


Name 








Address 








Insulating Compound 
Brooks-Follis Electric Corporation. 
New York Insulated Wire Company. 
Paraffine Paint Company. 

Line Matcriais 

Brooks-Follis Electric Corporation. 
Knowles, C. S. 

Locke, Fred M. 

Sloane, Chas. F. 


Poles, Cruss Arms and Pins 
Hardwood Planing Mill Co. 

Union Lumber Company. 

Power Transmission 

Bullock Electric Manufacturing Company. 
General Electric Company. 

Stanley Electric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 
Pipe 

National Tube Company. 

Pumps 

Garratt & Co., W. T. 

Jackson Machine Works, Byron. 

Moore & Co., Uhas. C. 

Worthington, "Henry R. 

KRalilway Supplies 

General Electric Company. 

Sloane, Chas. F. 

Steam Boilers 

Babcock & Wilcox Company. 

Jackson Machine Works, Byron. 

Oakland Iron Works. 

Steam Euyines 

Garratt & Co., W. T. 

Ide & Sons, A. L. 

Jackson Machine Works, Byron. 

Moore & Co., Chas. C. 

Oakland Iron Works. 

Westinghouse Machine Company. 
Telephones 

Brooks-Follis Electric Corporation. 
California Electrical Works. 
Transformers 

General Electric Company. 

Stanley Electric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 
Water WV heels 

Doble Company, Abner. 

Knight & Company. 

Oakland Iron Works. 

Pelton Water Wheel Company, The. 
Wires and Cables 

American Steel & Wire Company. 
California Electrical Works. 

New York Insulated — Company. 
Okonite Co., Ltd., 

Pittsburg Reduction Titiibiaice. 

Standard Underground Cable Co. 
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PASS. 


Rlectrical Specialties 
in Porcelain 


{ You. know how HicH GkADE our goods are, but 
| you may not know how Low you can buy them 


Write i pS = CHAS. F. SLOANE, 


ATTACHMENT PLUG || Pacific Coast Sales Agent Mills Bldg., San Francisco 





PONY RECEPTACLE 


& SEYMOUR. 


Syracuse, N. Y. 











Syracuse Changeable 


Headlight 


Manufactured by the Crouse, Hinds Electric Company, Syracuse,.N. Y. 


Simple 
Convenient 
Efficient 


The only perfect electric 
headlight for trolley cars 


Changeable 
End to End 


— and — 


Car to Car 


Cannot get 
out of order! 


CHAS. F, SLOANE, Exclusive Sales Agent for the Pacific Coast, 


LOS ANGELES 





WE will outfit one of 
your cars with our 
headlight for a 30-days’ 
trial and if you are not 
then convinced that it is 
what you want, you ‘can 
return the headlight. 


ALL THIS AT NO EXPENSE 
TO YOU. 


Samples of the Syra- 
cuse Headlight can be 
inspected at our San 
Francisco office, Room t, 


second floor, Mills Bldg. 


Mills Building, San Francisco 


HONOLULU 











SIOMBAUGH GUY ANCHORS 


No digging necessary 
Cheapest method of anchoring all kinds of guys 
Anchor can be bored into the ground as an auger 


For anchoring Telegraph, Telephone, Electric Light and Street 


Railway Poles at one-half the expense of any other method. 
Made in two styles and in all sizes from 344 inches to 12 inches diameter. 


CHAS. F. SLOANE, pacitic coast sates agent, 


CANNOT 
PULL OUT 


No deadmen needed 

















Mills Building, San Francisco 


| 
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+90 FNBy =5- 


Long-Distance Transmission 

Central Station Distribution (direct or alternating) 

Mill, Mining and Factory Service 

Electric Railway Generation, Transmission and Distribution 


Complete eqiupments for...... 
































An Interior View of Colgate No. 1 Power House of the Bay Counties Power Company. 


Induction and synchronous motors, incandescent arc lighting 
or power ‘transformers; and high-grade switchboards. 





Stanley Electric Manufacturing Co., Northern Electrical Manufacturing Co., 


Pittsfield, Mass. Madison, Wis. 


JNO. MARTIN & CO, 


Pacific Coast Agents 


31-33 NEW MONTGOMERY STREET, SAN FRANCISCO 


Pacific Northwest Otfice: Pioneer Block, Seattle, Wash. 
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McINTOSH& SEYMOUR ENGINES 











. TYPES 
SIZES 


SPEEDS 





Engineers and Dealers in 


GHAS. ( MOORE d 60. High-Grade Machinery 


LOS ANGELES 32 First Street, San Francisco 





OUR BOOK“ ‘STEAM’ 


ATLANTA, GA. 


a y+ oe 819 EQUITABLE hope. 


PHILADELPHIA | CHICAGO i] ye. = 
642 DREXEL BLOG. 3 MRONDE st. SG. 7 AVENIDA JUAREZ 


SAN FRANCISCO 
32 FIRST ST. 


CHAS. ¢. MOORE, Manager Pacific Coast Branch, San Franc ia o 


Best by Test! 


TUT THI ea 
WATER WHEELS 


Adaptable to All Speeds and Heads 


High in Efficiency! Low in Cost! 


Write for our 1900 Water Wheel Catalogue. 
It is replete with hydraulic data and—gratis. 





OAKLAND IRON WorKS 


Business Office: 
330 Market Street, San Francisco. 
’Phone, Main 1007. 


Works— Second and Jefferson Streets, 
Oakland. ‘Phone, Main 342 





Thompson’s 
Polyphase a 


NOW READY 


The new AUTHORIZED AMERICAN edition of 


Polyphase Electric Currents 


— and — 


Alternate Current Motors 
SILVANUS P. THOMPSON, D. Sc., B. A., F.R.S. 
* revised and enlarged 


11 two-colored illustrations 


13 three-colored illustrations 
showing the windings of 
polyphase generators 


8 large folding plates 


A Special section on ROTARY TRANSFORMERS 


508 pages, 357 illustrations, 8vo, cloth 
Price $5.00 


Books expressed prepaid on receipt of price 


Send us your name and address for full descriptive 
circulars 





MAGNETS 


AND 


ELECTRIC 
CURRENTS 


An elementary treatise for the use of electrical 
artisans and science teachers. 


By J. A. FLEMING, M. A., D. Sc., F.R.S. 


408 pages, 133 illustrations, 12mo, cloth 


Price, $3.00 Full descriptive circular on application 


SPON & CHAMBERLAIN 


Publishers of books on all branches of engineering 
Sole Agents for SCIENCE ABSTRACTS 


12 Cortlandt St., New York, U.S.A. 





All our Wires—New 


Code Standard 


NEW YORK INSULATED WIRE COMPANY 


Write for our new catalogue 


Main Office, 13-17 Cortlandt Street, New York 


JOHN R. COLE, Sales Agent, 


33 Second Street, - 


2 SAN FRANCISCO 





HAVE YOU A DOLLAR HANDY? 


Send it at once for a subscription to 


The Journal of Electricity; Power and Gas, 


320 California Street. San FRANCISCO, CAL. 


When writing advertisers kindly méntion THE JOURNAL OF FL¥YcTRICITY, POWE« AND Gas 
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IT IS ALL THE NAME IMPLIES! 


Belted and Direct-Connected Simple and oe 
Automatic and Self-Oiling 


The “Ideal” Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 





A. L. IDE & SONS, Manufacturers, Springfield, Il. 


W.H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO, CAL. 


NATIONAL TUBE COMPANY, 


MANUFACTURERS OF 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED PIPE only is used tor extreme pressures. Among 
ceivers for power lines up to 30 inches ; those using our pipe lines for this purpose may be mentioned the fol- 
diameter, with lead joints, expanded and lowing California companies: 
riveted joints, cast-iron or rolled-steel 




















San Joaquin Electric Co. ............. 20-inch pipe, 1411 head, €12 lbs. pressure. 
flange joints, or solid welded flange joints. eee Les WALT CD. 5 ioc kee a es ody : wie Deine (| ott nS 
We also manufacture a full line of welded Mt. Whitney Power Co. 20 “3300 gg « 
and seamless tubular goods. Standard Electric Co. of California .. aie eee Oa eS 


New York Sales Office, Havemeyer Building. P. O. Box 2245. 


IMPERIAL PORCELAIN 2==:~ 
HIGH-POTENTIAL INSULATORS sncon2ec.. 


These Insulators are in exclusive use on such important power transmission lines as: 








SOUTHERN CALIFORNIA PowER Co., - - - Redlands to Los Angeles 


SNOQUALMIE FALLS POWER Co., - - - 
- - - Snoqualmie Falls to Seattle and Tacoma 


West KOOTENAY POWER AND LiGHT Co., - - - 
- - - Bonnington Falls to Rossland 
NIAGARA FALLS PowER Co.. -°- - - - Miagara Falls to Buffalo 


Hupson RIVER POWER ‘TRANSMISSION Co., - - - 


- + + Mechanicville to Schenectaay 
and many others. 


Address all correspondence to 


eee 


General Sales Agent 





7 Arch Street, 
BOSTON, MASS. 





Eight Different Types— All Voltages 


When writing advertisers kindly mention THE JoURNAL oF ELECTRICITY, POWER AND GAS. 
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KNIGHT'S « WATER « WHEEL 














The accompanying cut shows the general ‘erughasnens * of KNIGHT’S ‘STANDARD WATER WHEEL, of 


which there are HUNDKEDS IN USE in different Statés of the Union. 
feet i: diameter, from 10 to 1000 horse power and adapted to all heads and pur 
Wheels for electrical power can be furnished with or without 
Address all communications to 


KNIGHT & CoO., Sutter Creek, Cal. 


in ivon vases from 6 to 44 in hes 
Governors. Highest regulation guaranteed 


For full parficulars send 
for descriptive catalogue. 


These wheels are made from 2 to 6 
Wheels inclosed 





IMPROVED 
LOWE 


General Gas Works Machinery 


WESTERN GAS CONSTRUCTION C0., : 


WATER GAS APPARATUS 


*. Gas Valves and Supplies 


: Fort Wayne, Ind. 
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Repwoop Pores 
ca senate. 
Union Lumber Company 


TELEPHONE 
In lots and sizes to suit at short notice. 
ROOM 28, CROCKER BUILDING, SAN FRANCISCO 





S. H. Wr IDENTHAL 
Gen’l. M’g’r. 


L. D. HITZEROTH 
President 


CENTURY ELECTRIC 60. 


ENGINEERS and 
CONTRACTORS 


Switchboard Work 
Plans and Specifications 
Wiring and Conduit Work a specialty 


31 Second Street : : San Francisco 


Stanley A. C. Wattmeters 


Permanent Accuracy Guaranteed 
STANLEY INSTRUMENT COMPANY 
San Francisco, 31-33 New Montgomery St 
SEATTLE, WASH., Pioneer Building 
New York, 146 Broadway. 


REDUCE THE COST OF LIGHT 


by getting the best lamps. Try ours. 
Most light - Least current - Longest life 
Let us tell you why and how. 
{ ~ Sample lamps free. 
Wit 7g THE COLORADO LAMP Co., 
2052 California St, DENVER, COLO 














—SCHOOL OF— 

(#LECTRICAL, CIVIL, MINING AND MECHANICAL) 
Surveying, Drawing, Architecture and Assaying. 
113 Fulton St., : : San Francisco 
(One block above New City Hall) 

A. VAN DER NAILLEN, President 
Send for circulars Established 1864 





EALD 


BUSINESS COLLEGE 
—AND— 





SCHOOL OF ENGINEERING 
Electrical Engineering Department 
ORION BROOKS, Instructor. 


Mining and Assaying Department 
G. W. MILES, M. 8., Instructor. 


24 Post Street, San Francisco. 





OUNG MAN with several years of fac- 
tory and electric light station experi- 
ence wishes position of responsibility 

in some western state. Is capable of taking 
charge of a station. Will refer to present 
employers. Address: W. S. MITCHELL, 
228 Broadway, Somerville, Mass. 


When writing advertisers kindly mention THE JOURNAL OF ELECTRICITY, POWER AND GAS 
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BULLOCK ELECTRIC 
MOTORS 


AND 


GENERATORS 


FOR DIRECT CURRENT 








Send for Bulletins 


WYBRO-HENDY CO., Agents, 38 Fremont Street, San Francisco, Cal. 








200-kw. Bullock Belted Generator BULLOCK ELECTRIC MFG. CO., Cincinnati, a U. Ss. A. Bullock Type ““N” Motor. Open ends 

















IMPROVEMENT THE ORDER OF THE AGE. 








fae “SC No. TRANSACTIONS FOR SALE. 
The transactions of the flacific Coast Electric 
SMITH PREMIER TYPEWRITER Transmission Assuciation Santa Cruz, Sacramento 
and ran Francisco Conventions, have beep bound in 
Numbers of im t im ents paper and are for sale price 50 cents each, post free. 
which are foundin noother writer. Addiess, 
GREATEST YET PRODUCED. Geo. P. Low, Secretary, 
MW rite for Mustrated Catalogue. di 18¢ 
LEO. E. ALEXANDER & BRO.. 238 Crocker Building, San Francisco. 





SAN FRANCISCO. 





POWER TRANSMISSION 





Managers have no line troubles when using & & we 
vt wt for all duties 
VICTOR Adopted by Specially adapted for 
STANDARD : i 

TYPE...... HET direct connection to 
Line Pressure eh eleciric motors in 
60,000 Volts. J alifornia,. ; 3 : ; 

j Bay Countims irrigation service 

Tested to : PowEn 
120,000 Volts. CoMPANY. 

Byron Jackson Machine Works 
&  ] Works: 625 Sixth Street, San Francisco 
: Business Office: Branch Office: 

Qn Longest Power Transmission Lines in the World } € 411 Market Street . 201 North Main Street 
yoo,000 LOCKE INSULATORS in use on the iti Coast, San Francisco Los Angeles 
Operating on Line Pressures sures ap 40 6 to 60,000 Volts. : 

2 PACIFIC COAST AGENTS ‘ a a a 

SEATTLE, WASH.: SAN FRANCISCO: _ 

Pioneer Building. 31-33 New Montgomery Street. 





When writing advertisers kindly mention THE JOURNAL OF ELECTRICITY, POWER AND GAs. 
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THe PELTON WATER WHEEL 6, “2"===. 


MY Water Wheels for 
i 4@ every variety of 





service — electric 
transmission plants 
in particular, « « « x 


The P ELTON 
is the pioneer and 


standard wheel for 
ef ficiency 


ooeA NG, 


reliability 








Send for our illustrated catalogue 


PELTON WATER WHEEL (upper housing removed) intended for direct connection to electric generator. 











Worthington Pumping Engines and Hydraulic Machinery 


HENRY R. WORTHINGTON 
Electric and Power P U ia | P S: pa aio te 


OFFICES : 
New York, Boston, Philadelphia, St. Louis, Chicag®, Cleveland, Indianapolis, San Franci3co, London, Paris, Berlin, Vienna, Amsterdam, Brussels. 
Hydraulic Works at Brooklyn, N. Y. and Elizabethport, N. J. 




















PACIFIC COAST BRANCH OFFICE: 132-{34 FIRST STREET, SAN FRANCISCO 


Telephone, MAIN 5680 Address all communications to HENRY R. WORTSINGTON 


LOCAL AGENTS: Moran Bros. & Co., Seattle : Tatum & Bowen, Portland $ Baker Iron Works, Los Angeles 


rrvyrvyrryreyrerererercrrirrrererereeeeeuoyU DD 
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Westinghouse Motors 


ae 









operating in nearly 
every class of 
stationary service 


Westinghouse Electric 
& Manufacturing Co. 
Pittsburg, Pa. 












+ RES 


Westinghouse Direet-Current Motor Operating Pump. 








All principal cities in the United States and Canada 


Complete Power Plants 
Installed under one responsibility 
Westinghouse, Church, Kerr & Co. 

New York, Boston, Philadeiphia—Engineers—Pittsburg, Chicago, Detroit 
Sell the product of 


The Westinghouse Machine Co. 
Pittsburg—Manufacturers—Chicago 






















LUMINUM feeders are less than one- 


-- half the weight of copper feeders. and 
ul eel | n u eel are of equal conductivity and strength. 


Joints of aluminum feeders can be easily, 


@ 
R a | | W a y cheaply and satisfactorily made. 


If wire or cable is required to be insulated, 
high-grade insulation is guaranteed. 


j e e d e f &, Price-list with full information furnished 


The Pittsburgh : aE 
oicie ee, _| Power-Transmission, 
PITTSBURGH, PA. Telephone and 

















Paciric CoAst AGENTS: 


‘mana ) someon | — LOleSTApN WINE 


81-33 New Montgomery St. Pioneer Building 


When writing advertisers kindly mention THE JOURNAL OF ELECTRICITY, POWER AND GAS. 
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ANNOUNCEMENT! 


Lie ELECTRICAL ENGINEERING COMPANY 
begs to announce that it has purchased the fac- 
tory of the now-defunct Pactric INcaNDEScENT Lamp 
Company, of San Francisco, and has engaged in the 
manufacture of strictly first-class Incandescent Electric 
Lamps upon a scale never before attempted west of 
the Mississippi. 
In addition to “refilled” or ‘‘ renewed” lamps, 


, 


which will bear the label ‘‘ Pacific” as heretofore, the 


Electrical Engineering Company will manufacture 
entirely new lamps to be known as the ‘‘California’’ 
and which will be marketed under the guarantee that 
they are equal in every respect to the best lamps of 
any other manufacture. 

These lamps will be placed upon the market on 
or before May 1, 1901, and will be sold at attractive 
prices, based upon the advantages of local manufacture. 


ALL VOLTAGES 
ALL WA1TAGES 


ALL CANDLEPOWERS 
ALL FORMS OF FILAMENTS 


Electrical Engineering Company 


509-511 Howard Street, SAN FRANCISCO 


CADDRESS ALL COMMUNICATIONS TO 








lifowug CHAS. F. SLOANE, 
«ee 
Branch Offices: General Sales Agent, 
| ene ae of acuta MILLS BLDG., SAN FRANCISCO 
afl 
Me ff OPT: Ve f/inid hie 
“iets Be ae Mifly 
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UNION 


Gas and Oil 


ENGINES 


Built in San Francisco 
for fifteen years. ..... 


x THE JOURNAL OF ELECTRICITY, POWER AND GAS. 





Over 3000 in use 
Engines from 2% to 300 horse- 
power under construction 


for prompt delivery. 


Send for illustrated catalogue 


UNION GAS 
ENGINE C0. 


242-244-246 First Street * * 4 3] J : 40-horsepower ‘‘ UNION” Engine 


Gon SE. Fitted to run on Gasoline Naphtha, Benzine, Distillate and Manufagtured or Natural Gas 








Office: 134 SUTTER STREET 
JOE: * San Francisco, Cal. 


woes 6AM Automobile Wagons 


We build to order steam wagons suit- 
able for all kinds of heavy hauling 
and adapted to all roads. 


CLI MV AI AVM he 








BARI AINAIA A \ZI2Z\2\2 


On early orders "vi! fumish « 


legal bond cover- 
ing cost of machine, as a guarantee of 
the efficiency and practicability of our 
automobiles. 











Orders filled ready for delivery 
tn from six to eight weeks... 





Steam Lumber, Brewery, Grain, Ore, 


* 
Wagon of four tons capacity, on exhibition at our shops, 626-528 Bryant St., San Francisco. Oil Wagons, Trucks, Drays and Stages 






de 
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REPRESENTATIVE INSTALLATIONS — 10. | : V, N Pr | ~ oO R S 
; 


for allie: FREIGHT or MINING service 








Absolutely Automatic 
Have all Safeties 
Positively Perfect 
Their general economy 


defies competition 





Electrical Engineering Co. 


















































' 
PRESS CLUB BUILDING, SAN FRANCISCO, CAL. 509-51 1 Howard Street . : . SAN FRANC ISCO 
15-HP. PASSENGER ELEVATOR THE electrical manufactory of the West 
G BE EN, 9 
af Ls P. D G MANUEACTURER OF GILLESPIE S INSULATOR PINS 
This pin is made of seasoned eucalyptus, a wood particularly adapted for 
electrical insulating. Experts declare it the best pin made. I se in mos 
en ll Belting and Lace Leather of the electrical transmission plants on the Pacific Coast. ‘ Wet caine 
pins for the Standard Electric Company, the Bay C ties Power Company, 
105 and 407 Mission St., SAN FRANCISCO. Vee 
DYNAMO BELTING A SPECIALTY. ‘Telephone Main 562 Hardwood Planing Mill Co. 24% 205°. 





DIRECTORY OF RELIABLE ENGINEERS. 


ELECTRICAL ENGINEER 597-599 Parrott Building 
and CONTRACTOR. ... 10 Front Street 








San Francisco, Cal 


EDWARD S. COBB | S|DNFY SPROUT | FRANK E. SMITH 


Designing and Consulting 


MECHANICAL AND HYDRAULIC ENGINEER) Supervising Blectrical Engineer Consulting ana Supervising 


Plans, Estimates, Specifications, Tests, 
Supervision of Construction STATION ECONOMICS A SPECIALTY. Electrical Engineer 

Room 223, Homer Laughlin Bldg.,_. 

315 South Broadway, Los Angeles, Cal. 106 CROCKER BLDG., SAN FRANCISCO 418 Eugenia Ave, (Phone, Blue 751) San Francisco 
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LEWIS A. HICKS ROBERT [cF. DOBLE FRANK H. BATES 


Civil Engineer Chemical and Gas 





ie me ae 
ad Ls 


‘ath.. z os Engineer ..... 
ea . ; an 
Irrigation, Sewerage, Water Supply, Hydraulic Power ate ectrica 7068 Guererro Street, San Francisco 
; and Pumping nsu on Engineer CATARACT 
; Mills Building, SAN FRANCISCO Supervision BUILDING | Analytical Laboratories for examination of Fuels, 
menen 0, Gidea Peer Telephone, Front» | Constructing SEATTLE, WASH. | O1ls, Gases, etc. Tests mate with a view to fuel 


: economy. Gas Engines and Motor Vehicles tested 


EDWARD P. BURCH W. STUART SMITH ENGINEERING OFFICES 


331 Pine Street, : San Francisco, Cal. 








Consulting Mechanical E. H. Benjamin, Mining Engineer 
A. M. Hunt, Mechanical and Hydraulic Engineer 
Electrical and Electrical Wynn Meredith, Electrical Engineer 
Engineer Engineer Cc. L. Cory, Electrical and Mechanical Engineer 
Expert Examinations: Advisory Reports :Construction Supervision 
1210 Guaranty Building, Minneapolis, Minn, ' U.S. Navy Yard, Cavite, P. I. Telephone, Main 1870, Cable address, “Edben.” 
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Ohe Why OF Ris isin 


Note the erosions in the buckets of your water wheels, 
then compare them with those shown in this photograph of a Donte bucket which was in con- 
tinuous use for 586 twenty-four-hour days by the Mount Whitney Power Co., of Visalia, Cal. This 
bucket was driven by water under a 1300-foot head (gage, 563 pounds, spouting velocity, 17,317 
feet per minute), and which carried 2400 cubic feet of granitic sand per week. 





Irregular erosion means wasted energy. Note the absence of irregular 
erosion in the bucket illustrated above, and of all erosion on its back. 


Targential wheel buckets of other makes are now being replaced by Doble Ellipsoidal 
Buckets in several prominent electric power transmission plants. 
Why? Because the gain in efficiency warrants the change. 


ABNER DOBLE COMPANY 


ENGINEERS 


Established 1850 


FREMONT AND HOWARD. STREETS : : : : SAN FRANCISCO 
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New York Lubricating Oil Company sexes anise 


Gummadi“ 1, $.C. TRANSFORIIER OIL 


530 California Street, SAN FRANCISCO (Rooms 3 and 5) 35 Water St., New York 






































N 
MISCELLANEOUS N 
1 25-kilowatt, 110-volt, multipolar, direct-current gen- ‘ 
erator, complete with pulley, iron foundation, belt N 
pe Ee Pe eee $450.00 {| 
1 225-light, 110-volt, bipolar dynamo, complete with \ 
OOMROOOOOOOOOOO OD pulley, belt tightener, base frame and rheostat...... 300.00 N 
1 %-horsepower, 110-volt, direet-current motor........ 30.00 \ 
1 1%-horsepower, 110-volt, direct-current motor....... 50.00 5 
1 2%%4-horsepower, 220-volt, direct-current motor....... 75.00 \N 
1 10-horsepower, 220-volt, direct-current motor........ 160.00 : 
1 20-horsepower, 220-volt, direct-current motor........ 300.00 
When the Fort Wayne Elec- 1 40-horsepower, 500-volt, direct-current motor........ 450.00 \ 
; 3 1 3-are dynamo, 3-circuit, marble switchboard, with \ 
tric Co r porat ion went plugs and cables complete....................0020e- 35.00 N 
1 2-arec dynamo, 2-circuit, marble switchboard, com- . 
, i CNAME G $55 pin.v dw wdc Oba gdb aves caste avec ngaweeyses 20.00 
into bankruptcy, the under 1 1000-volt, marble base ground detector for switch- \ ‘ 
: : DIE F504. Shred s pen tno tiv tins vkheah opis yaeeesntn ep > s- 750 : 
signed bought the entire stock 1 commutator for No. 6 “ Wood” are dynamo......... 15,00 % i 
? ‘ i 1 self-starting, 1-horsepower, 110-volt, 60-cycle, syn- \ Bart 
carried by its San Francisco of- Is) .'. cb eddie oc vnuben tere oes dt v0 t 90.00 \ Ti 
30 ‘*‘Wood”’ are cut-outs, absolute breaks, each........ 2.50 N j | 
: 1 20-horsepower, 500-volt, 7200-alternator, single-phase ra 
fice from the Assignee. Much generator (or Motor)... ......-.2+---e cee, cereeees +. 925,00 © HI 
; 1 2%-horsepower, starting motor for above (if used as Ss + 
of this stock has been sold, but "yal Sa aa NR a RS Se a a 175.00 . 1 
\ +. 
he followin remain ‘ | 
the following yet remains to be INCANDESCENT LAMPS N | 
disposed of at the prices indi- 125 8-candlepower, 110-volt, Edison base.. | \ : 
250 16-candlepower, 110-volt, ae as eee S +t 
: 100 16-candlepower, 112-volt,  “ 5 i 
cated. It 1S all new and of the 300 16-candlepower, 114-volt, és ee at 18 cents each : 
s ” 500 16-candlepower, 116-volt,  “ a N q 
Fort Wayne ( Wood ) types. 300 16-candlepower, 120-volt, * pare a \ ti 
100 16-candlepower, 116-volt, T.- H. base.. .. S i 
25 32-candlepower, 110-volt, Edison base....at 25 cents each : } 
¢ 5 | 
All prices are net cash. f.o.b. San Francisco The above are new lamps made by the General Incandes- ‘§ i 
P < cent Lamp Company, and bearing ** Fort Wayne ’”’ labels. \ i 
t 
\ ; 
‘ i 
ie METERS - : 
F, N. DELANOY Now nro peck ‘ 
2 5-light ‘‘Duncan’’ wattmeters, each .............. $10.00 \ 
eda. Cal 1 40-light e . coke (ER EE SSS o 12.00 & 
Central Block Alameda, Cal. 4 50-light “ “ pi Bee 13.00 
3 60-light a « BP ee ics ceca ok 13.50 
2 75-light " 9 4g EE PEO PROP 13.50 
3 100-light a “ Cee Cy ee 13.50 
WOOSSSSOSSOSSOSOS SS 2 125-light 45 z No tateceeeeecees 13.50 
9 20-light ‘‘ Duncan’’ ampere-hour meters, each..... 12.50 
12 30-light ” 1. a, ee ees 13.50 \ 
4 20-ampere “ Duncan’ wattmeters, each............ 12.00 ‘ 
7 25-ampere ” 2 vag ay ys eT 13.50 s 
1 50-ampere “~ me rig pease ae 13.50 
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LIGHTEN THE “WHITE MAN’S BURDEN” 


The fireman will rejoice and it won’t matter much to the coal man if you cut him § or 10 % now that business is good. 


(Clean Boilers.) Try it. 


Dearborn Drug and Chemical Works, “?rciacc 


DEARBORN FEED WATER TREATMENT 


SEND A GALLON JUG OF WATER FOR ANALYSIS. 


Wm. H, Epgar, 


29-33 Rialto Bldg., Chicago, III. 
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PASS & SEYMOUR 


Syracuse, N. Y. 


Electrical Specialties 
in Porcelain 


|| You know how HiGH GRADE our goods are, but | 
you may not know how Low you can buy them | 





i Write for 


prices to. GHAS..-F. SLOANE, | oe Sisbinis 
i Pacific Coast Sales Agent Mills Bidg., San Francisco | | 











Syracuse Changeable Headlight 


Manutactured by the Crouse; Hinds Electric Company, syracuse, N. v. 
Simple WE will. outfit one of 


‘ your cars with our 
Convenient | | 
headlight for a 30-days 

Efficient 


trial and if you are not 


then convinced that it is 


The only perfect electric « 
headlight for trolley ears’ 


what you want, you can 


return the headlight. 


Changeable ALL THIS AT NO EXPENSE 
| U. 
‘End to End Sb 
Ses Samples of the Syra- 
Car to Car 


cuse Headlight ean be 
inspected at our San 


Cannot get 
out of order! 


Francisco .office, Room 1, 
second floor, Mills Bldg. 





CHAS. F. SLOANE, rxctasiye sates agent tor the Pacitic coast, Mills Building, San Francisco’ 


LOS ANGELES SEATTLE HONOLULU 




















SIOMBAUGH GUY ANCHORS =", 


No digging necessary No deadmen needed 
Cheapest method. of anchoring all kinds of guys 
Anchor can. be bored into the ground as an auger 


For anchoring Telegraph, Telephone, Electric Light and Street 
Railway Poles at one-half the expense of any other method. 
Made in two styles and in all sizes from 34; inches to 12 inches diameter. 














CHAS. F. SLOANE, pacitic coast Saics Agent, . = - Mills Building, San Francisco 
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---- THE ---- 


E SKC NORTHERN SYSTEMS 


Long-Distance. Transmission 

Central ‘Station Distribution Girect or alternating) 

Mill, Mining and Factory Service 

Electric Railway Generation, Transmission ‘and Distribution 


Complete eqiwpments for... 








An Interior View of Colgate No, 1 Power House of the Bay Counties Power Companry. 


Induction and synchronous motors; incandescent arc lighting 
or power transformers; and high-grade switchboards. 





Stanley Electric Manufacturing Co., Northern Electrical Manufacturing Co., 


Pittsfield, Mass. Madison, Wis. 


JNO. MARTIN & CO, 


Pacific Coast Agents 


31-33 NEW MONTGOMERY STREET, : ; SAN . FRANCISCO 


Pacific Northwest Otfice: Pioneer Block, Seattle, Wash. 
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caw C. MOORE & CO, ——— 
2b 


ENGINEERS AND 
CONTRACTORS FOR 


COMPLETE POWER PLANTS 


Machinery of the Highest Grade 


PACIFIC COAST AGENTS: 
Babcock & Wilcox Boilers Spencer Damper Regulators 
McIntosh & Seymour Engines Hoppes Purifiers 
Hamilton-Corliss Engines Goubert Heaters 
N. Y. Safety Automatic Engines Snow Steam Pumps 
Phoenix Engines Quimby Screw Pumps 
Forbes Engines Chapman Valves 
Westinghouse Gas Engines Geipel Steam Traps 
Green's Ecouoniizers Stratton Separators 
Wheeler Surface Condensers Holly Gravity System 


Barnard Cooling Towers Hyatt Roller Bearings 


32 FIRST STREET, SAN FRANCISCO 


LOS ANGELES SEATTLE 




















Best by Test! 


TUTTHIGD an 
WATER WHEELS 


Adaptable to All Speeds and Heads 


High in Efficiency! Low in Cost! 


Write for our 1900 Water Wheel Catalogue. 
It is replete with hydraulic data and—gratis. 


OAKLAND IRON WorkKS 


Busivess Office: 
330 Market Street, San Francisco. 
"Phone, Main 1007. 


Works — Second and Jefferson Streets, 
Oakland. ‘Phone, Main 342. 


HAND-BOOKS 


—For-- 
Engineers, Electricians, Firemen, Etc. 





For SALE By 


The Journal of 
Electricity, Power and Gas 


315 Cherry St., San Francisco 
Send for Catalogue 





P..OFES sIONAL. 





EDWARD S. COBB 


Designing and Consulting 


uJ 
MECHANICAL AND HYDRAULIC ENGINEER 
Plans, Kstimates, Specifications, Tests, 
Supervision of Construction 
Room 223, Homer Laughlin Bidg., 
315 South Broadway, Les Angeles, Cal. 





Lewis A. Hicks ROBERT MCP. Dose 
Hyd aulic Engineer Mech. and Elec. Engineer 


DOBLE & HICKS 


CONSULTING ENGINEERS 


Electric Power, Transmission and Industrial Appli- 
cations. 

Water Supply, Pumping, Refrigeration, Sewerage, 
Sewage Disposal and Irrigation. 

Examinations, Reports and Expert Testimony. 


OFFICES: 


Mills Building, - - SAN FRANCISCO 


LEON M. HALL 


CONSULTING ENGINEER 
IN MECHANICS, 
ELECTRICITY, 
MINING. 





331 Pine Street San Franc'sco 


Tel ‘phone, MAIN 989 





ENGINEERING OFFICES 
331 Pine Street, : San Francisco, Cal. 
E. H. Benjamin, Mining Engineer 
A. M. Hunt, Mechanical and Hydraulic Engineer 
Wynn Meredith, Flectrical Engineer 
Cc. L. Cory, Electrical and Mechanical Engineer 
Expert Examinations: advisory Reports :Coust ruction Supervision 
Telephone, Main 1870 Cable address. “Edben.”’ 


SIDNEY SPROUT nn 
Supervising Klectrical Engineer 


STATION ECONOMICS A SPECIALTY. 
106 CROCKER BLDG., SAN FRANCISCO 








FRANK H. BATES 


CHEMICAL and GAS ENGINEER 
With Chas. C. Moore © Co., 32 First St., San Francisco 


Westinghouse Gas and Ol Engines installed for use with 
natural, illaminating, and producer gas, gasoline, ¢istillate or 
crude vils, and in single units as large as 750 hursepower 

Contracts taken fw complete tias Prodneer and Engine In 
stallations for electric light or other service with absolute 
guarantees as to regulation, economy and duraility 





EDWARD P. BURCH 


Consulting 
Electrical 
Engineer 


1210 Guaranty Building, Minneapolis. Minn, 





A D.-C. Central Station wi’ CHLORIDE ACCUMULATORS 


MEANS AN UP-TO-DATE LIGHTING PLANT 





By storing the current during the period: of light loads the generating units are operated economically 

By supplying this current during periods of heavy loads the number of generating units required is reduced to a minimum 

By being always available in case of emergency, Chloride Accumulators have repeatedly prevented interruption of servic 
SEND FOR BULLETINS DESCRIBING OTHER ADVANTAGES. 


THE ELECTRIC STORAGE BATTERY COMPANY 


WESTERN SALES OFFICES: 
NEVADA BLOCK, SAN FRANCISCO 


Allegheny Avenue and Nineteenth Street, 


PHILADELPHIA, PA. 
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IT IS ALL THE NAME IMPLIES! 


Belted and Direct-Connected Simple and Compound 
Automatic and Self-Oiling 


The Ideal” Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 


A. L. IDE & SONS, Haditeibawera, Springfield, tl. 


W. H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO, CAL. 


NATIONAL TUBE COMPANY, 


MANUPACTURERS OF 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED PIPE only is used tor extreme pressures. Among 
ceivers for power lines up to 30 inches 3 those using our pipe lines for this purpose may be mentioned the fol- 
diameter, with lead joints, expanded and § jowing California companies: 
riveted joints, cast-iron or rolled-steei 

















San Joaquin Electric Co. ............. 20-inch pipe, 1411 head, 612 lbs. pressure. 
flange joints, or solid welded flange joints. veeneg? oe Water ps : os 8 P P Ma 40 aes 45t “7g : “ 
We also manufacture a full line of welded Vi Whitney itis Co. AE Hie ee na Oe a fds von ie me 
and seamless tubular goods. Standard Electric Co. of California... 30 “ eee J 2emeep . 





New York Sales Office, Havemeyer Building. P.O. Box 2245. 


IMPERIAL PORCELAIN —===:.. 


TRADE 


Hich-PorENTIAL INSULATORS w=. 


These Insulators are in exclusive use on such important power transmission lines as: 








SOUTHERN CALIFORNIA POWER Co., - - - Redlands to Los Angeles 


; PRR RRR errr 





SMOQUAS MIN FaLis PowER Co., - - - 
- - - Snoqualmie Falls to Seattle and Tacoma 


va 


WEst KOOTENAY POWER AND LiGHT Co., - - - 
- - - Bonnington Falls to Rossland 


NIAGARA FALLS PowER Co., - - - - - Magara Falls to Buffalo 


Hupson River PowER TRANSMISSION Co., - - - 


- - + Mechanicville to Schenectaay 
and many others. 


Address all correspondence to 


eo. " eS 


7 Arch Street, 
BOSTON, MASS. 








Eight Different Types — All Voltages. 











General Sales Agent 
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KNIGHT'S « WATER « WHEEL 


- 


KNIGHT & CO.) 








The ainialinenatiel cut shows the general arrangement ‘of KNIGHT’ 8 STANDARD WATER WHEEL, of 
which there are HUNDKEDS IN USE in different States of the Union. These wheels are made from 2 to 6 
feet in diameter, from 10 to 1000 horse power. and adapted to all heads and purposes Wheels inclosed 
in iron cases from 6 to 24 inches. Wheels for electrical power can be furnished with or without 
Governors. Highest regulation guaranteed. Address all communications to 


ion desslgtnve caneloges. KNIGHT & CO., Sutter Creek, Cal. 


rowe WATER (AS APPARATUS 


General Gas Works Machinery .-. Gas Valves and Supplies 


WESTERN GAS CONSTRUCTION C0., : : Fort Wayne, Ind. 
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Repwoop Pores 


For TELEGRAPH 


a ee TELEPHONE 
PR. Evecrric LigHtT 
Power PLANTS 
In lots and sizes to suit at short notice. 


Union Lumber Company 


TELEPHONE, “ MAIN 324” 
ROOM 28 CROCKER BUILDI‘G, SAN FRANCISCO 


CENTURY ELECTRIC CO. 


ENGINEERS 
—AND= 


CONTRACTORS 





31 Second St., - SAN FRANCISCO 
Telephone, BusH 352 


Pacific Coast Agents for 
ELECTRICAL INSULATING CONDUIT Co., 
Write for information and prices 


Stanley A.C. Wattmeters 


Permanent Accuracy Guaranteed 
STANLEY INSTRUMENT COMPANY 
San Francisco, 31-33 New MontgomerySt. 


SEATTLE, WASH., Pioneer Building 
New York, 146 Broadway. 


GOOD LAMP . are appreci- 
ated every- 
where. COLORADO LAMPS selected 
in preference to all others by the New 
ZEALAND GOVERNMENT for grand illu- 
minations in honor of visiting royalty. 
AGENTS: /. W. Wrenn & Co., Lid., 
} Mills Bldg , San Francisco; S. F. Elec- 
) trical Co , 523 Mission St., San Francisco; 
Machinery and Elec. Co., 351 N. Main 
St., Los Angeles, Cal. 














—SCHOOL (‘'F— 
PRACTICAL ENGINEERING 
(ELECTRICAL, CIVIL, MINING AND MECHANICAL) 
Surveying, Drawing, Architecture and Assaying. 


113 Fulton St., : : San Francisco 
(One block above New City Hall) 


A. VAN DER NAILLEN, President 
Send for circulars Established 1864 


BUSINESS COLLEGE 
—AND— 


SCHOOL OF ENGINEERING 








Electrical Distncering Department 
ORION BROOKS, Instructor. 


Mining and Assaying Department 
G. W. MILES, M. 8., Instructor. 


24 Post Street, San Francisco. 





TRANSACTIONS FOR SALE. 

The transactions of the Pacific Coast Electric 
Transmission Association Santa Cruz, Sacramento 
and San Francisco Conventions, have been bound in 
paper and are for sale price 50 cents each, post free. 
Address, 


Gero. P. Low, Secretary, 
238 Crocker Building, San Francisco. 
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HERE ARE THE REASONS 


Why BULLOCK Direct-Current Motors and Generators 
are selected by the best engineers......e.++e+e0+- 


Because they have laminated armature and pole cores; 
Because they are perfectly ventilated; 

Because they operate without sparking or heating; 
Because they are mechanically and electrically perfect; 


Because they are finished as 
well as they are designed 


Gold Medal at the Paris Exposition, 1900 


CINCINNATI, U, S. A. 
WYBRO-HENDY COMPANY, Agents, 





200-kilowatt Bullock Belted Generator. 
(Described in Bulletin 33.) 








P Type “‘N”’ Bullock Motor. 
and built; (Described in Bulietin 36.) 


Because in competition with 
the world’s products, the most eminent European mechanical and 
electrical engineers prouounced them superior, and awarded to them 
the 


BULLOCK ELECTRIC MFG. CO. 


38-44 Fremont Street, SAN FRANCISCO 


Open ends. 
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POWER TRANSMISSION XX tetetertetrteeetetentrtedetetentntrtetetetetetotdeededetrtstteted 

Managers have no line troubles when using : x x a 
Js a = for all duties 
VICTOR Adopted by = Specially adapted for 
TYPE... Steen + direct connection to 
CoMPANY = ; : 
Line Pressure sh me, a | eleciric motors in 
60,000 Volts. Se ig 
Bay Counties} = irrigation service 
Tested to POWER = 
120,000 Volts. Conder + 
z Byron Jackson Machine W orks 
ad uf = Works: 625 Sixth Street, San Francisco 
ws atl = Business Office: Branch Office: 

Qn Longest Power Transmission Lines in the World; $ 411 Market Street 201 North Main Street 
goo,000 LOCKE INSULATORS in use on the Pacific Coast, 5 San Francisco Los Angeles 
Operating on Line Pressures sures up to 6 to 60,000 Volts. ; E 

é : PACIFIC COAST AGENTS : aa aa a 
SEATTLE, WASH.: SAN FRANCISCO: + 
Paes De. 31-33 New Montgomery Street. bsg fffesfseffeecpafeshg 
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THE PELTON WATER WHEEL (9, *5:"sssns 











Water Wheels for 


every variety of 





service — electric 
transmission plants 
in particular. ttt 


Th PELTON 
is the pioneer and 


standard wheel for 
efficiency 


and... 


reliability 














"Send for our illustrated catalogue 


PELTON WATER WHEEL (upper housing removed) intended for direct connection to electric generator. 








Worthington Pumping Engines and Hydraulic Machinery 


HENRY R. WORTHINGTON =a 











Electric ‘ent ewes : U | | Pumping — for all 











OFFICES : 
New York, Boston, Philadelphia, St. Louis, Chicago, Cleveland, Indianapolis, San Francisco, London, Paris, Berlin, Vienna, Amsterdam, Brussels. 
Hydraulic Works at Brooklyn, N. Y. and Elizabethport, N. J. 


PACIFIC COAST BRANCH OFFICE: J32-134 FIRST STREET, SAN FRANCISCO 


Telephone, MAIN 5680 Address all communications to HENRY R. WORTHINGTON 


LOCAL AGENTS: Moran Bros. & Co., Seattle : Tatum & Bowen, Portland : Baker Iron Works, Los Angeles 
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Westinghouse Motors 









operating in nearly 
every class of 
stationary service 


Westinghouse Electric 
& Manufacturing Co. 
Pittsburg, Pa. 

All principal cities in the United States and Canada 


Complete Power Plants 
Installed under one responsibility 
Westinghouse, Church, Kerr & Co. 

New York, Boston, Philadelphia—Engineers—Pittsburg, Chicago, Detroit 
Sell the product ot 


The Westinghouse Machine Co. 
Pittsburg— Manufacturers— Chicago 











; ee a Rix Bs 


Westinghouse Direct-Current Motor Operating Pump. 


















LUMINUM feeders are less than one- 


- half the weight of copper feeders and 
u mM | n u a8 are of equal conductivity and strength. 
Joints of aluminum feeders can be easily, 


e 
R a | | W a y cheaply and satisfactorily made. 


If wire or cable is required to be insulated, 
high-grade insulation is guaranteed. 


| e e d e k &, Price-list with full information furnished 


on application. 














The Pittsburgh BH. 
Roictice ce. | Power-Transmission, 
PITTSBURGH, PA. Telephone and 


Paciric Coast AGENTS: 


‘macnae) someon” | Telegraph Wire 


81-33 New Montgomery St. Pioneer Building 
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Crocker-Wheeler Company 


MANUFACTURERS AND ELECTRICAL ENGINEERS 


Announces the establishment 
of its Pacific Coast branch 


office and warehouse at 








Fremont and Howard streets 
San Francisco « « « # # # st 
ABNER DOBLE COMPANY 


MANAGERS 





Direct-Current Machinery for all purposes.  En- 
gine-Type Generators, Belt-Type Motors and 
Dynamos. Fully and Semi-enclosed Motors, Mill, 


Elevator and Hoist Motors. 
Mair Office and Works, Ampere, N. J., U.S. A. 





























WEATHERPROOF 
ANNUNCIATOR | 
MAGNET...... 


We desire to announce the opening of our new 














insulating works at Los Angeles—the only plant of its kind in 











the West. We have installed a complete equipment of the most 





modern machinery for the manufacture of weatherproof, annunciator and magnet wire 
and cables, and are prepared to make prompt shipments of all sizes. 

Our experience of many years in the making of this class of wire in 
the East makes it possible for us to absolutely guarantee every pound of our output. 
If it isn’t right, send it back at our expense. 


Let us make you some quotations; our prices will be found attractive. 


Pacific Electrical Works 


General Sales Office, MILLS BUILDING 
Works at Los Angeles, Cal. SAN FRANCISCO, CAL. 
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UNION 


Gas and Oil 


ENGINES 


Built in San Francisco 
for fifteen years. ..... 








Over 9000 in use 











Engines from 2% to 300 horse- 
power under construction 
for prompt delivery. 


Send for illustrated catalogue 


UNION GAS 
ENGINE CO. 


242-244-246 First Street : : = Z 40-horsepower ‘‘ UNION”’ Engine 


San Francisco. 








Fitted to run on Gasoline Naphtha, Benzine, Distillate and Manufactured or Natural Gas 





SAXTON STEAM WAGON AND AUTOMOBILE CO. 


tom 515 SIXTH STREET, SAN FRANCISCO 





wawe« SCAM Automobile Wagons 


We build to order steam wagons suit- 
able for all kinds of heavy hauling 
and adapted to all roads. 








On early Orders Wey bona coves 


legal bond cover- 
ing cost of machine, as a guarantee of 
the efficiency and practicability of our 
automobiles. 











Orders filled ready for delivery 
in from six to eight weeRs,..4..0 







: 





N Steam Lumber, Brewery, Grain, Ore, 
Wagon of four tons capacity, on exhibition at our shops, 515 Sixth St., San Francisco. Oi Wagons, Trucks, Drays and Stages 
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V A () R S REPRESENTATIVE INSTALLATIONS — 12. 








for PASSENGER, FREIGHT or MINING service 








Absolutely Automatic 
Have all Safeties 





| Positively’ Perfect 


Their general economy 





defies competition 


Electrical Engineering Co. 








509-511 Howard Street : : : SAN FRANCISCO 
THE electrical manufactory of the West WALDECK SANATORIUM, SAN FRANCISCO, CAL. 
% f Bei 4 Ns ® a. 15-HP. PASSENGER ELEVATOR 








































New York Lubricating Oil Company xs2y%surer grasses 


MARINE, ENGINE, RAILROAD, | ‘ony T ANSFO rl | 
CYLINDER and the......... e e © 


530 California Street, SAN FRANCISCO (Rooms 3 and 5) 


All our Wires—New Code Standard 


NEW YORK INSULATED WIRE COMPANY 


35 Water St., New York 








Write for our new catalogue Main Office, 13-17 Cortlandt Street, New York 
JOH N R. COLE, Sales Agent, 
33 Second Street, = . = = . SAN FRANCISCO 





9 
L. P. DEGEN. smanvracrvrer or GILLESPIE’S INSULATOR PINS 
oe . a, — - ae 
? This pin is made of seasoned eucalyptus, a wood particularly adapted for 
Belt d ye / ? th electrical insulating. Experts declare it the best pin made. In use in most 
ing an acé a er of the electrical transmission plants on the Pacific Coast. We are making 
pins for the Standard Electric Company, the Bay Counties Power Company, 


106 and 107 Mission St., SAN FRANCISCO. Jno. Martin & Co., and many others. Address, 


DYNAMO BELTING A SPECIALTY. Telephone Main 562 Hardwood Planing Mill Co. 24% °s®. 











“The Journal’s’’ forthcoming “ELECTRIC PUMPING EDITION” will be invaluable to every transmission, horticultural and 
irrigation interest in America. Per copy, 25 cents. Enter orders and subscriptions NOW — no extra copies will be printed. 


ELECTRICAL ENGINEER 597-599 Parrott Building 
and CONTRACTOR. ... 10 Front Street 
’ . San Francisco, Cal. 
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Oke Why = , eee 


Note the erosions in the buckets of your water wheels. 
then compare them with those shown in this photograph of a DosiE bucket which was in con- 
tinuous use for 586 twenty-four-hour days by the Mount Whitney Power Co., of Visalia, Cal. This 
bucket was driven by water under a 1300-foot head (gage, 563 pounds, spouting velocity, 17,347 
feet per minute), and which carried 2400 cubic feet of granitic sand per week. 











Irregular erosion means wasted energy. Note the absence of irregular 
erosion in the bucket illustrated above, and of all erosion on its back. 





Tar.gential wheel buckets of other makes are now being replaced by Doble Ellipsoidat 
Buckets in several prominent electric power transmission plants. 
Why? Because the gain in effictency warrants the change. 


ABNER DOBLE COMPANY 


ENGINEERS 


Established 1850 


FREMONT AND HOWARD STREETS : : : : SAN FRANCISCO 
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Califo 











“OD eifle ANNOUNCEMENT'! C Wucifee 


BBs ELECTRICAL ENGINEERING COMPANY 


Calfcweg begs to announce that it has purchased the faec- 











tory of the now-defunct Paciric [NcaNDEScENT Lamp 





Company, of San Francisco, and has engaged in the 


fly manufacture of strictly first-class Incandescent Electric Yucifee 


Lamps upon a scale never before attempted west of 


the Mississippi. 








In addition to “refilled” or ‘* renewed” lamps, 


which bear the label ‘‘Pactfic’’ as heretofore, the 








Electrical Engineering Company manufactures entirely 
new lamps known as the ‘‘Calffornia’’ brand, and 


which will be marketed under the guarantee that they 





are equal in every respect to the best lamps of any 





other manufacture. 





1ese lamps are now oO nar and are sok 
These | $s are no n the market and a1 ld 


, Mile at attractive prices, based upon the advantages of 





loeal manufacture. 


ALL VOLTAGES ALL CANDLEPOWERS 


Ca ALL WA1TAGES ALL FORMS OF FILAMENTS 


Electrical Engineering Company 
Suey “ee 509-511 Howard Street, ; : SAN FRANCISCO ; yucyL 
te 








CAADDRESS ALL COMMUNICATIONS TO 


CHAS. F. SLOANE. 


Branch Offices: General Sales Agent, 
Seattle Los Angeles 
Honolulu City of Mexico MILLS BLDG., SAN FRANCISCO 
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LIGHTEN THE “WHITE MAN’S BURDEN” 


The fireman will rejoice and it won't matter much to the coal man if you cut him 5 or 1o 4 now that business is good. 


(Clean Boilers.) Try it. 


Dearborn Drug and Chemical Works, “?:.ciscn” 


DEARBORN FEED WATER TREATMENT 


SEND A GALLON JUG OF WATER FOR ANALYSIS. 


29-33 Rialto Bldg., Chicago, III. 





TABLE OF CONTENTS. 


Illustrated articles are designated by an asterisk (*); Editorial by a dagger (f). 


Rraternal 


Gas 


*Industrial Gas 


ITo Meet at San JOS  .ooscsccececcsereneeeess 


[Uumination 


TeTTe eee eee rt ee err . 


Operation 


Persona: 


The Welsbach Incandescent Electric Lamp........2.+ ccs ceeeeveeees 703 


Jifiscellany 


Lightning Arresters and Wireless Telegraphy, by C. W. Hutton.... 103 


pransmission 


*The Great Carquinez Transmission Span, by Geo. P. Low 


tA Dead and Buried Old Man of the Sea 





Aluminum 

Pittsburg Reduction Company. 

Are Lamps 

California Electrical Works. 

General Electric Company. 

Westinghouse Electric & Manufacturing Co. 
Automobiles 

Saxton Steam Wagon Company. 
Batteries 

California Electrical Works. 

Sloane, Chas. F. 

Belts and Belting 

Degen, L. P. 

Boiler Compounds 

Crosscup, I, 0. 

Dearborn Drug and Chemical Works. 
Books 

Spon & Chamberlain. 

Carbons 

Sioane, Chas. F. 

Chemicals 

Dearborn Drug and Chemical Works. 
Dynamos and Motors 

Bullock Blectric Manufacturing Company. 
California Electrical Works. 
Crocker-Wheeler Company. 

Electrical Engineering Company. 

General Electric Company. 

Sloane, Chas. F. 

Stanley Electric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 
Electrical Supplies 

California Electrical Works. 

General Electric Company. 

Sloane, Chas. F. 


Westirghouse Electric & Manufacturing Co. 
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BUYERS’ DIRECTORY. 


Educational 

Heald’s Business College. 

Van der Naillen School of Engineering. 
Elevators 

Electrical Engineering Company. 
Engineers 

Bates, Frank H. 

Benjamin, E, H. 

Century Electric Co. 

Cobb, Edward 8. 

Doble, Robert McF. 

Hall, Leon M. 

Hicks, Lewis A. 

Hunt, A. M. 

Meredith, Wynn 

Ridley, A. E. Brooke. 

Sprout, Sidney. 

Westinghouse, Church, Kerr & Co. 
Gas Engines 

Union Gas Engine Company. 
Westinghouse, Church, Kerr & Co. 
Gas Works Builders 

Western Gas Construction Company. 
fustruments 

California Electrical Works. 

General Electric Company. 

Stanley Electric Manufacturing Company. 
Weston Electrical Instrument Company. 
Westinghouse, Church, Kerr & Co. 
Incandescent Lamps 

California Electrical Works. 

Colorado Lamp Company. 

Electrical Engineering Company. 
General Electric Company. 

Sloane, Chas. F. 

Westinghouse Electric & Manufacturing Co. 





SAN FRANCISCO, CAL. 
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Insulating Compound 
New York Insulated Wire Company. 
Paraffiine Paint Company. 


Line Materials 
Knowles, C. 8. 
Locke, Fred M. 
Sloane, Chas. F. 


Poles, Cross Arms and Pins 


Hardwood Planing Mill Co. 
Union Lumber Company. 


Power Transmission 

Bullock Electric Manufacturing Company. 
General Electric Company. 

Stanley Electric Manufacturing Company. 
Westi:.ghouse Electric & Manufacturing Co. 


Pipe 
National Tube Company. 


Pumps 

Jarratt & Co., W. T. 

Jackson Machine Works, Byron. 
Moore & Co., Uhas. C, 
Worthington, Henry R. 


Kailway Supplies 


General Electric Company. 
Sloane, Chas. F. 


Steam Boilers 

Babcock & Wilcox Company. 

Ja -kson Machine Works, Byron. 
Oakland Ircn Works. 

Steam Engines 

Garratt & Co., W. T. 

Ide & Sons, A. L. 

Jackson Machine Works, Byron. 
Moore & Co., Chas. C, 
Oakland Iron Works. 
Westinghouse Machine Company. 


Telephones 
California Electrical Works. 


Transformers 

General Electric Company. 

Stanley Electric Manufacturing Company. 
Westi:ghouse Electric & Manufacturing Co, 
Water Wheels 

Doble Company, Abner. 

Knight & Company. 

Oakland Iron Works. 

Pelton Water Wheel Company, The. 
Wires and Cables 

California Electrical Works. 

New York Insulated Wire Company. 
Okonite Co., Ltd., The. 

Pacific Electrical,Works. 

Pittsburg Reduction Company. 

Standard Underground Cable Co. 


When writing advertisers kindly mention Tuk JOURNAL OF ELECTRICITY, POWER AND GAS, 

























ies 





os i BD 


AS: 


3 ma, : 
Soe ® wy 
‘ z beh 


















SYRACUSE, N. Y. 


Pass & SEYMOUR 


Our electrical specialties in PORCELAIN are standard 








PORCELAIN: CLEAT. 





in material, design and finish. 





CHAS. F. SLOANE, Pacific Coast Sales Agent, 


Seattle 


Let us quote you prices 


= - Mills Building, San Francisco 


Honolulu City of Mexico 





Los Angeles 
Hartford, Conn 


Hart & Hegeman dora, Conn 
Manufacturing Company 


SC 3Sr_D 


soe BNE... 6 
H&H 
FLUSH 
PUSH 
SWITCH 

is the 

Perfection 
of 
Switch 
Manufacture 


CHAS. F. SLOANE, 


Pacific Coast Sales Agent, 


Mills Building . SAN FRANCISCO 





Crouse- Hinds 
Syracuse, N. Y. Electric C503 





THe SYRACUSE 
CHANGEABLE 
ELECTRIC 
HEADLIGHT 

iS 
changeable 
from 


END TO END 


and from 


CAR TO CAR 


CHAS. F. SLOANE, 
Pacific Coast Sales. 1gent, Mitts Building, SAN FRANCISCO 





SAFETY ARMORITE CONDUIT CO. 


RANKIN. STATION, PA. 





“ Armorite ” 


and 


‘““Armorduct” 





“ Loricated”’ Con d uit 


Systems 








LOS ANGELES 





SEATTLE 


CHAS. oa SLOANE, Pacific Coast Sales Agent, 


HONOLULU 


Mills Building, SAN FRANCISCO 


CITY OF MEXICO 
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THE O: Kets. SYo1 EAE 


Alternating-Current Apparatus 








IN-CONNECTION WITH...... 


tut NORTHERN SYSTEM 


Direct-Current Apparatus 








AFFORDS A MOST* COMPLETE LINE OF HIGH-CLASS ELECTRICAL 
GENERATING, TRANSFORMING, TRANSMISSION AND DISTRIBUTION APPARATUS 


uw 








Power Transmissions 
for the greatest 
distances 


a 


Mining, Factory, Railway 
and Lighting Equipments 


5 ad 


Induction and Syn- 
chronous Motors, 
High-Grade Switch. 
hoards, Protective 


Devices, Instruments 
wt 





PLANTS FURNISHED 
COMPLETE IN EVERY 
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S. K. C. Generators in the Blue Lakes Power Plant. 








ad 





STANLEY ELECTRIC MANUFACTURING CO., NORTHERN ELECTRIGAL MANUFACTURING Co., 
Pittsfield, Mass. Madison, Wis. 


J NO. MARTIN & CO., Pacific Coast Agents 


Pioneer Building 31-33 New Montgomery Street 
gE te ehhh or SAN FRANCISCO 
CRAAAAIARALARILRARCRICRRR 
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CHAS. C. MOORE & CO EDWARD, §. COBB i 
° e —$— Designing and Consulting aa: 
MECHANICAL AND HYDRAULIC ENGINEER iW 
Engineers and Plans, Estimates, Specifications, Tests, ; 11 

Contractors for Supervision ot Construction 

Room 223, Homer Laughlin Bidg., i 

315 South Broadway, Los Angeles, Cal. | 

Complete Power P| ants erm, 2 meee Rouen? McP Dest | i 
a Ai 

: DOBLE & HICKS | 


ad 
4 Z CONSULTING ENGINEERS 


Railway on | Pumping 
Engi nes e Engines ee Transmission and Industrial Appli- 


Water Supply, Pumping, Refrigeration, Sewerage, 
Sewage Disposal and Irrigation. 











Lighting Gas Examinations, Reports and Expert Testimony. 
Engines Engines oFFIcEs ai 
; Mills Building, - - SAN FRANCISCO ‘ee 
ad ad bi 
MODERN STEAM HIGH GRADE MOTIVE 

SPECIALTIES POWER MACHINERY L E O N M “ Fi A L L 





CONSULTING ENGINEER 


ALL OF OUR MACHINERY 18 KNOWN FOR ITS ECONOMY ” Seacacers. Hi 


MINING. 





331 Pine Street San Francisco 
Telsphone, MAIN 989 


32 FIRST STREET iF 


ENGINEERING OFFICES ft 

: 

SAN FRANCISCO 331 Pine Street, : San Francisco, Cal. i 
i 


Los Angeles , _ . P Seattle E. H. Benjamin, Mining Engineer 
Watch this space for illustrations 
A. M. Hunt, Mechanical and Hydraulic Engineer 
Wynn Meredith, Electrical Engineer . 
C. Ea Cory, Electrical and Mechanical Engineer | : 


Best by | est! Expert Examinations :Advisory Reports :Construction Supervision 
> > 


TOTTRILL ove ra 
WATER WHEELS 


Supervising Electrical Engineer ii 
Adaptable to All Speeds and Heads 


STATION ECONOMICS A SPECIALTY. 
High in Efficiency! Low in Cost! 


Write for our 1900 Water Wheel Catalogue. 
It is replete with hydraulic data and—gratis. 





























106 CROCKER BLDG., SAN FRANCISCO 





FRANK H. BATES 
CHEMICAL and GAS ENGINEER 
With Chas. C. Moore & Co., 32 First St., San Francisco 





OAKLAND IRON WorKS 








Business Office: Westinghouse Gas and Oil Engines installed for use with 
330 Market Street, San Francisco. natural, illuminating, and producer gas, gasoline, distillate or 
Ph M : 1007 crude olls, and in single units as large as 750 horsepower 
one, Main . Contracts taken for complete Gas Producer and Engine In 
Works— Second and Jefferson Streets, stallations for electric light or other service, with absolute 
guarantees as to regulation, economy and durability 






Oakland. ‘Phone, Main 342. 


For Saux By EDWARD P. BURCH He 
Y AND-BOOKS The Journal of Consulting 
Electricity, Power and Gas Electrical | 


—~Fer— 315 Cherry St., San Francisco Engineer 
Engineers, Electricians, Firemen, Etc. Send for Catalogue 1210 Guaranty Building, Minneapolis, Minn, 































Detailed descriptions of installations 


tre Chloride Accumulator Sree oe 


SALES OFFICES 
New — : seo Rebadway In Electric Li htin Installations saves fuel and labor; reduces engine hours; 
Boston: 60 State Street 4 ng tt at increases reliability of service. 
CHICAGO: Marquette Building _ mn a 
BALTIMORE: Equitable Bldg. 


Scag chan! THE ELECTRIC STORAGE BATTERY CO., 1 


CLEVELAND: New England Bidg. ie 


SAN FRANCISCO: NEVADA BLOCK Allegheny Ave. and 19th St., PHILADELPHIA 
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THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


IT IS ALL THE NAME IMPLIES! 


Belted and Direct-Connected Simple and Compound 
Automatic and Self-Oiling 


The “Ideal” Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 





A. L. IDE & SONS, Manufacturers, Springfield, Il. 


W.H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO, CAL. 


NATIONAL TUBE COMPANY, 


MANUFACTURERS OF 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED PIPE only is used for extreme pressures. Among 
ceivers for power lines up to 30 inches $ those using our pipe lines for this purpose may be mentioned the fol- 
diameter, with lead joints, expanded and } ljowing California companies: 
riveted joints, cast-iron or rolled-steel 
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GCOhe Why er 


. Note the erosions in the buckets of your water wheels, 
then compare them with those shown in this photograph of a Donte bucket which was in con- 
tinuous use for 586 twenty-four-hour days by the Mount Whitney Power Co., of Visalia, Cal. This 
bucket was driven by water under a 1300-foot head (gage, 563 pounds, spouting velocity, 17,347 
feet per minute), and which carried 2400 cubic feet of granitic sand per week. 
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Irregular erosion means wasted energy. Note the absence of irregular 
erosion in the bucket illustrated above, and of all erosion on its back, 





Tangential wheel buckets of other makes are now being replaced by Doble Ellipsoidat 
Buckets in several prominent electric power transmission plants. 
Why? Because the gain in efficiency warrants the change. 
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(* fifcised begs to announce that it has purchased the fac- ay fT WILEe 
tory of the now-defunct Pactric INcaNDEScENT Lamp 
Company, of San Francisco, and has engaged in the 
manufacture of strictly first-class Incandescent Electric Cucifle 
| Lamps upon a scale never before attempted west of 
| the Mississippi. 
"4 9. 4 a We a ie sd int < -. # 
CN ilies In addition to ‘‘ refilled” or ‘‘ renewed” lamps, Califo 
which bear the label ‘‘Pacific’’ as heretofore, the 
Electrical Engineering Company manufactures enti 
D0) fie g g pany actures entirely Otic 
RB Stgpoae od pe) 


new lamps known as the ‘‘Calffornia’’ brand, and 
which will be marketed under the guarantee that they 


are equal in every respect to the best lamps of any 


a 





(uifone 


other manufacture. 


These lamps are now on the market and are sold 





. ° oa ae . . . . é a a o a cH LY of Jn 
| “Yn ctf at attractive prices, based upon the advantages of <a Ay cifle 
| local manufacture. 
| 
| ALL VOLTAGES ALL CANDLEPOWERS 
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BULLETIN No: 120. 


A DIRECT CURRENT: LIGHTNING ARRESTER 


— ee A MODIFICATION of our alternating current line 
= discharger is herewith illustrated, which has 
proven of great value as a lightning arrester in pro- 
tecting direct current lines sueh as those of street 
railways. x. 
_ The principle of the 8. K..C, line discharger is the 
placing of a minute air gap in series with a tube 
filled with oxidized metallic particles. The- base is 
of slate, 4+ inches wide by 14 inches high: A tube 
9 inches long has practically an’infinite resistance 
(over 25 megohms) and 500-volts applied at the-ter- 
minals will not foree any appreeiable current through - 
it. The minute air gap is placed in series only as an 
extra precaution against groulagn’ the line. This 
arrangement acts as-a most efficient lightning ar- 
rester. It will not allow dynamic currents to go 
through, yet static discharges of extremely low po- 
tential readily pass to earth. ; 3 
Should the. current follow the static . discharge 
nothing more serious than the breaking of the glass 
tube and resultant breaking of the arc can follow, the 
tube in such event performing the function of a fuse. 
No more labor or inconvénienée is entailed by the 
renewal of one of these tubes than by replacing ordi- 
nary fuse. wire. This happening is, however, ex- 
tremely rare. ‘For outdoor service and for use on cars.a watertight case is provided. 
’. In practice this device proves a most admirable lightning arrester, automatic- 
ally discharging the line and requiring no attention... It is delieately sensitive, yet 
robust and capable of withstanding heavy and repeated discharges. The eut il- 
lustrates one of this type of lightning arresters, connected to a 550-volt street 
railway circuit. : 
Prices and further details on application. 
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BULLETIN 


A DIRECT CURRENT LIGHTNING: ARRESTER 


A. MODIFICATION’ of our alternating current line 

discharger is herewith illustrated, which has 
proven of great value as a lightning\arrester in: pro- 
tecting direct current lines. such as those of street 
railways, | 

The-principle of the 8. K: C. line discharger is the 
placing-of a minute air gap in series with a tube 
filled with oxidized metallic, particles, The base is 
of slate,.42 inches wide by 14 inches high. _A tube 
9 inches long. has practically: an infinite resistance 
(over 25:megohms) and 500 volts applied at. the ter- 
minals will not force any appreciable current through 
it. .The minute air gap is placed in series only as an 
extra precaution against grounding the, line. . This 
arrangement acts as a most efficient lightning ar- 
rester, It will not allow dynamic currents to go 
f} through; yet static discharges of extremely. low po- 
tential readily pass to earth. 

Should the current follow the static diseharge ~ | 
nothing more serious’than the breaking of the glass 
tube and resultant breaking of the arc can follow, the 
tube in such event performing the function ofa fuse. 
No more labor or inconvenience is entailed by the 
renewal of one of these tubes than by replacing ordi- 
nary fuse ~wire. This happening is, however, ex- 
tremely rare. For outdoor service and for use on cars a watertight case is provided, 

In practice this deviee proves a most admirable lightning arrester, automatic- 
ally discharging the line’ and requiring no attention. - It is delicately sensitive, yet 
robust and capable of withstanding heavy and repeated discharges. The cut. il- 
lustrates one of this type ‘of lightning arresters, connected to a 550-volt street 
railway circuit. 7 

Prices and further details on application. 
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IT IS ALL THE NAME IMPLIES! 


Belted and Direct-Connected Simple and Compound 
Automatic and Self-Oiling 


The ‘Ideal’ Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 








A. L. IDE & SONS, [lanufacturers, Springfield, Ill. 


W. H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO, CAL. 


NATIONAL TUBE COMPANY, 


MANUFACTURERS OF 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED PIPE only is used tor extreme pressures. Among 
ceivers for power lines up to 30 inches } those using our pipe lines for this purpose may be mentioned the fol- 
diameter, with lead joints, expanded and § ljowing California companies: 
riveted joints, cast-iron or rolled-steel 




















San Joaquin Electric Co. ...........+. 20-inch pipe, 1411 head, 612 lbs. pressure. | 
flange joints, or solid welded flange joints. aac tis SO ee rae a fe ‘ ws 451 ‘ . ny 
We also eereenane a full line of welded Mt. Whitney Power Co. ...... eee “1300 gag és 
and seamless tubular goods. Standard Electric Co. of California .. on .*s $f 9gee eget e 





California Sales Office, No. 420 California Street, iho Francisco, Cal. 
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TRADE 


HIGH-POTENTIAL INSULATORS sos 


These Insulators are in exclusive use on such important power transmission lines as: 
SOUTHERN CALIFORNIA POWER Co., - - - Redlands to Los Angeles 








SNOQUALMIE FALLS POWER Co., - - - 
- - - Snoqualmie Falls to Seattle and Tacoma 


Wrst KooTENAY POWER AND licuTr Co., - - - 
- - - Bonnington Falls to Rossland 


NIAGARA FALLs PowkR Co., - - - - - Magara Falls to Buffalo 


Hupson RIVER POWER TRANSMISSION Co., - - - 
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KNIGHT'S « WATER « WHEEL 











The accompanying cut shows the general arrangement of KNIGHT’S STANDARD WATER WHEEL, of 
which there are HUNDKEDS IN USE in different States of the Union. These wheels are made from 2 to 6 
feet in diameter, from 10 to 1000 horse power. and adapted to all heads and purposes Wheels inclosed 
in iron cases from 6 to 24 inches. Wheels for electrical power can be furnished with or without 


Governors. Highest regulation guaranteed. 


For full particulars send 
for descriptive catalogue. 


Address all communications to 


KNIGHT & CO., Sutter Creek, Cal. 
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In lots and sizes to suit at short notice. 


Union Lumber Company 


TELEPHONE, “* MAIN 324” 
ROOM 28, CROCKER BUILDING, SAN FRANCISCO 











CENTURY ELECTRIC C0. 
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31 Second St., - SAN FRANCISCO 
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ELECTRICAL INSULATING CONDUIT Co., 


Write for information and prices 


Stanley A. C. Wattmeters 


Permanent Accuracy Guaranteed 
STANLEY INSTRUMENT COMPANY 
San Francisco, 31-33 New Montgomery St. 
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GOOD LAMPS! That's what 


we call them. 
Our customers call them the BEST. 
The Colorado Lamp Co. 
Denver. 

J. W. Wrenn Co. Ltd., 515 Mission St., 8. F. 
San Francisco Electrical Co., 523 Mission St., 
San Francisco. 
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LIGHTEN THE “WHITE MAN’S BURDEN” 


The fireman will rejoice and it won't matter much to the coal man if you cut him 5 or 10 G now that business is good. 


(Clean Boilers.) Try it. 


Dearborn Drug and Chemical Works, “r.i2°"" 


DEARBORN FEED WATER TREATMENT 


SEND A GALLON JUG OF WATER FOR ANALYSIS. 


29-33 Rialto Bldg., Chicago, Ill. 
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POWER TRANSMISSION 


[Managers have no line troubles when using 


Locke Insulators 


wt Js 
VICTOR ANE Se 
STANDARD 
TYPE..... ELECTRIC 
COMPANY 
Line Pressure Of California. 
60,000 Volts. 
i, Bay COUNTIES 
Tested to si POWER 
720,000 Volts. COMPANY. 
st se 





Qn Longest Power Transmission Lines in the World 


go0,000 LOCKE INSULATORS in use on the Pacific Coast, 
Operating on Line Pressures up to 60,000 Volts. . : . . . 


JNO. MARTIN & CO. 


PACIFIC COAST AGENTS 
SAN FRANCISCO: 
31-33 New Montgomery Street. 


SEATTLE, WASH.: 
Pioneer Building. 
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Hydraulic Engineers 
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Write for our new catalogue 





33 Second Street, = 


All our Wires—New Code Standard 


NEW YORK INSULATED WIRE COMPANY 


Main Office, 13-17 Cortlandt Street, New York 


JOHN R. COLE, Sales Agent, 


. SAN FRANCISCO 





GRAPHITE PRODUCTIONS 


Graphite Resistance, Graphite Brushes, Graphite Paint 
Graphite Crucibles Graphite for all Purposes 


JOSEPH DIXON CRUCIBLE COMPANY 
Factory and Home Office: 304 Market Street, 
Jersey City SAN FRANCISCO 





GILLESPIE’S INSULATOR PINS 


This pin is made of seasoned eucalyptus, a wood particularly adapted for 
electrical insulating. Experts declare it the best pin made. In use in most 
of the electrical transmission plants on the Pacific Coast. We are making 
pins for the Standard Electric Company, the Bay Counties Power Company, 
Jno. Martin & Co., and many others. Address, 


Hardwood Planing Mill Co. 34% Jose. 
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THE PELTON WATER WHEEL (¢, ssa": 


a 


HIGH EFFICIENCY 


AND 


RELIABILITY are tne 


MOST IMPORTANT QUALIFICATIONS OF 
A WATER WHEEL. 


THE PE 2 4¢) N POSSESSES BOTH 


AND IS ADAPTED TO EVERY VARIETY 
OF SERVICE. 


HYDRAULIC- ELECTRIC 


TRANSMISSION PLANTS IN PARTICULAR. 














Send For Itlustrated Catalogue 








NOTE: Intending purchasers of water wheels are hereby 
advised that the Pelton Water Wheel Company has pending in 
the U. S. Circuit Ccurt a suit against the Abner Doble Company 
for infringement of its Letters Patent; under the law the user 
may be held equally liable. 





Pipe Line on hillside. 





Worthington Pumping Engines and Hydraulic Machinery 


HENRY R. WORTHINGTON 


Electric and Power U | | , Pumping —_ for all 











OFFICES: 
New York, Boston, Philadelphia, St. Louis, Chicago, Cleveland, Indianapolis, San Francisco, London, Paris, Berlin, Vienna, Amsterdam, Brussels. 
Hydraulic Works at Brooklyn, N. Y. and Elizabethport, N. J. 


PACIFIC COAST BRANCH OFFICE: 132-134 FIRST STREET, SAN FRANCISCO 


Telephone, MAIN 5680 Address all communications to HENRY R. WORTHINGTON 


LOCAL AGENTS: Moran Bros. & Co., Seattle : Tatum & Bowen, Portland : Baker Iron Works, Los Angeles 
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Westinghouse 


ROTARY CONVERTERS 


Flexibility of operation is an 
important feature of these 
converters. 


When supplied with alternat- 
ing current will deliver direct 
current or vica verca. 


May be used as alternating 
current or direct current 
motors. 


May be operated as alternating 
current or direct current 
generators, 


Westinghouse Rotary Converter with Starting Motor. 


Westinghouse Electric 
& Mfg. Co., Pittsburg, Pa. All principal cities in United States 





The standard for the Gon- 
version of Alternating 
Gurrents into Direct Cur- 
rents for Railway, Light- 


ing and Power Service. 


and Canada 





Westinghouse, Church, Kerr & Co., 


New York, Chicago, Boston, Pittsburg, Philadelphia, Buffalo, Detroit 


Sell the product of The Westinghouse Machine Co. 
Pittsburg— Manufacturers of—Chicago 


Westinghouse, Church, 
Gas and Steam Engines, Mechanical Stokers, Steam Turbines, Etc., Etc. lana 





ENGINEERS 





Write nearest office of 


0. 











4 half the weight of copper feeders and 
u mM | n u mM are of equal conductivity and strength. 
® 
a | WW a y cheaply and satisfactorily made. 
e. eC d e f : oe Price-list with full information furnished 


LUMINUM feeders are less than one- 


Joints of aluminum feeders can be easily, 


If wire or cable is required to be insulated, 
high-grade insulation is guaranteed. 





on application. 





The Pittsburgh 
Reduction Co. 
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Always Look at Both Sides 
of a Question 


THAT IS WHY WE EXHIBIT THESE BUCKETS 


Note the erosion on the back and the irregular erosion inside. 























That is also why we exhibit THESE BUCKETS, which were used 586 days of 24 hours, under a 
1300-foot head, the water containing large quantities of sharp granite sand 








Note the absence of any erosion on 
the back or any irregular 
erosion inside. 


Irregular erosion means loss of energy and that is why the leading power companies are now 
replacing their wheels with DOBLE WHEELS. 
There is no irregular erosion in DOBLE BUCKETS and NO erosion on the BACK. 


ABNER DOBLE COMPANY 


ENGINEERS 
Established 185 


FREMONT AND HOWARD STREETS : SAN FRANCISCO 
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The Pelton=Doble Litigation 


Those who know ‘‘ Doble Wheels’’ will not use ‘‘ Peltons.’’ 


The Pelton Water Wheel Company has awakened to a realization of this fact. It has found its 


wheels widely replaced by ‘‘Doble’s Wheels,’’ and its prestige gone. 


Has it tried to demonstrate that the public is mistaken—that the ‘‘Pelton’’ is a superior wheel? 


No. 
Why? 


Because, when put beside a ‘‘Doble Wheel,’’ the ‘‘Pelton’’ has always shown far less efficiency. 


The Pelton manufacturers want no more comparative tests. 


What was there left to do? 


Happy idea! Bring an infringement suit. That must last a long time, and in the meantime—so 
pp} g 


The only 
point in the 
controversy 

—> 
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W. A. DOBLE 


PaTENT No. 619,148; Datep Fes. 7, 1899. 
SERIAL No. 664,343; Fiiteo Dec. 29, 1897. 


Last Useo, JANUARY, 1899. 


our ex-competitors calculated—they 
might deter the public from buy- 
ing ‘‘Doble Wheels’’ by threats ot 
suits for damages. 

So the Pelton Water Wheel Com- 
pany filed a complaint against 

sige Abner Doble Company, based on 
point in the information and belief, and not 


controversy i. 
cis 5 under oath, to enjoin the use of 














centrifugal discs, which prevent 
water from escaping from the hous- 











ing along the shaft of the wheel. 


We will not try our case here, 


SSSSoS5555 


RARAR RA ASSESS 


SRAAQS 


but call attention, however, to the 
following facts : 


=~ 
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First, The suit in no way affects 
the Doble bucket. 


R 
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Second, The device complained of 
is one first patented by William 
A. Doble, and not used by 
Abner Doble Company since 














before the Pelton Company se- 
cured its patent, because super- 
seded by our present and much 
PELTON WATER WHEEL CO. better contrivance. 
PATENT No. 633,962 ; Dateo Serr. 26, 1899. Third, Our present device is wholly 
SERIAL No. 692,733; Fitep Oct. 56, 1898. ‘peat 
dissimilar to that of the Pelton 


Company. 


See the above cuts of the old Doble and Pelton patents, together with significant dates. 
Will the public be bluffed in this way? 
We will guarantee purchasers of ‘Doble Wheels’’ against infringement suits. 


ABNER DOBLE COMPANY. 
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for PASSENGER, FREIGHT or MINING service 


REPRESENTATIVE INSTALLATIONS — 17. 




















Absolutely Automatic 
Have all Safeties 
Positively Perfect 


Their general economy 


defies competition 
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509-511 Howard Street : : : SAN FRANCISCO 


THE electrical manufactory of the West CLUNIE BUILDING, SAN FRANCISCO, CAL. 
15 H. P. PASSENGER ELEVATOR 




















BULLOCK ELECTRIC MFG. CO. a WAGNER ELECTRIC MFG. CO. 
CINCINNATI, U. S. A. ST. LOUIS, U. S. A. 




















Direct and Alternating Current Equipments for Electric Light and Power 














287 














New York Lubricating Oil Company xexssseser sntcsss 


x MARINE, ENGINE, RAILROAD, | = i ‘ , | ‘ ANS FO i E Ol { 
x CYLINDER and the 2 7 4 
* 





Steet eete 


i 
P 
i 
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ELECTRICAL ENGINEER 597-599 Parrott Building 
and CONTRACTOR. ... = 10 Front Street 
' a San Francisco, Cal. 
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WEATHERPROOF 
ANNUNCIATOR 
MAGNET...... 


We desire to announce the opening of our new 
insulating works at Los Angeles—the only plant of its kind in 
the West. We have installed a complete equipment of the most 














modern machinery for the manufacture of weatherproof, annunciator and magnet wire 
and cables, and are prepared to make prompt shipments of all sizes. 

Our experience of many ‘years in the making of this class of wire in 
the East makes it possible for us to absolutely guarantee every pound of our output. 
If it isn’t right, send it back at our expense. 


Let us make you some quotations; our prices will be found attractive. 


Pacific Electrical Works 


General Sales Office, MILLS BUILDING 
Works at Los Angeles, Cal. SAN FRANCISCO, CAL. 














Crocker-Wheeler Company 


MANUFACTURERS AND ELECTRICAL ENGINEERS 





Belted and direct connected 
power generators 


Dynamos 


Motors 





Direct current motors of all 
sizes, speeds and voltages 










Fully and Semi-enclosed 
motors 


Mill, hoist and elevator 
motors 


ABNER DOBLE 
COMPANY 


MANAGERS 







MAIN OFFICE AND 
WORKS 


Ampere, N. J., U.S. A. 
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ANNOUNCEMENT! 


— ELECTRICAL ENGINEERING COMPANY 


begs to announce that it has purchased the fac- 








tory of the now-defunct Pactric INcaANDEScENT Lamp 
Company, of San Francisco, and has engaged in the 
manufacture of strictly first-class Incandescent Electric 
Lamps upon a scale never before attempted west of 
the Mississippi. 

In addition to “refilled” or ‘‘ renewed” lamps, 
which bear the label ‘*Pacific’’ as heretofore, the 
Electrical Engineering Company manufactures entirely 
new lamps known as the ‘‘California’’ brand, and 
which are marketed under the guarantee that they 
are equal in every respect to the best lamps of any 
other manufacture. 

These lamps are now on the market and are sold 
at attractive prices, based upon the advantages of 
local manufacture. 


ALL VOLTAGES 
ALL WATTAGES 


ALL CANDLEPOWERS 
ALL FORMS OF FILAMENTS 


Electrical Engineering Company 
509-511 Howard Street, SAN FRANCISCO 


CADDRESS ALL COMMUNICATIONS TO 


CHAS. F. SLOANE, 
General Sales Agent, 
SAN FRANCISCO 


Branch Offices: 
Seattle Los Angeles 


Honolulu City of Mexico MILLS BLDG., 
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Lombard Water Wheel Governors 


ARE GUARANTEED TO GIVE THE MOST ACCURATE SPEED REGULATION ATTAINABLE 





300,000 a Type F, 

horsepower in use i shown in cut, is special- 
ly adapted to Pelton 
and all other forms of 
Tangential water 
all operating conditions wheels.dt ss 50.9 90 3098 








Adopted to all makes 


of water wheels under 














Write for catalogue Estimates and drawings 


promptly furnished 

















THE LOMBARD GOVERNOR CO, * WHITTIER STREET 


(Roxbury District) 
Boston, Mass. 





San Francisco, Cal., October 19, 1907. 


We wish to announce the removal of our offices, warerooms and factory 


from 409 Market street to our new building, 547 Mission street, between 
First and Second. 


Our new quarters were designed especially for our use and we have 


4 N| otice unrivaled facilities for looking after the supply trade, wiring, manufacturing 
and repairs. 


Our stock has been largely increased to meet the rapid growth of the 


NE dl Re business and we have enlarged our factory and repair department, so that 
: 








we can handle all classes of work. 
We shall be pleased to have you call and inspect our new premises. 


Tele 
Private came 144 California Electrical Works. 





CROSSCUP'S : 


XXX BOILER COMPOUND JP & B Sr 


Is guaranteed The insulating qualities of these articles have led 
To remove and prevent scale; to their extensive use by electrical companies 


aye , all over the country. The roofing is used for mats 
To stop and prevent pitting and corrosion; under dynamos, motors, switchboards, etc. The 


imi i i paint for the preservation of that portion of tele- 
To stop priming, and keep bollers in first-class phone, telegraph and trolley poles placed under 


condition for less cost per horsepower than ground, and for cables. Send for booklets—address 
any other compound on the market. dept J. 


All orders promptly filled by PARAFFINE PAINT COMPANY 


I. O. CROSSCUP, 116 Battery Street : : San Francisco 
530 California St., (Room 32) SAN FRANCISCO 
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Cat shows 7500 ampere 
. KNIFE SWITCH on 6’ 6” 
slab. Operated by one 
man. . i > ; 


San Francisco Deliveries Right Prices | CROUSE-HINDS 
PASS & SEYMOUR |} : Electric Co. 


5 rw Main Office and Works: Syracuse, N. ¥. 
Syracuse, N.Y. im Office ane ” yracus 


THE CHAS. .F. SLOANE CO., THE ake ee GOAN CO. 
General Sales Agents 


General Sales Agents Mills Building, SAN FRANCISCO Mills Building SAN FRANCISCO 


SAN FRANCISCO DELIVERIES ARE INSTANT 
DELIVERIES 


Immediate Shipments from San Francisco stock are made on Orders for the Products of 
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CROUSE-HINDS ELECTRIC CO., ~ . Knife Switches 
PASS & SEYMOUR - - - Porcelain Goods 
HEMINGRAY GLASS CO., - Provo-type Insulators 


STANDARD UNDERGROUND CABLE CO., Wires and Cables 


SAFETY ARTIORITE CONDUIT CO., - - Armored Conduit 
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HART & HEGEMAN MANUFACTURING CO., House Fittings : 
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Lightning Protection 


F UR power transmission eircuits of potentials higher 

than 2000 volts, a ‘lightning arrester equipment. . 

of remarkable efficiency consists of a numberof 
orcas S. Ki OC. Cylinder Lightning: Arresters. connected in 
; series and properly associated with 8. K. C. Choke 
Coils. and 8. K. C. Line Dischargers. 

The S., K. C, Lightning Arrester consists of two 
nests of concentric cylinders with diverging ends, held 
in relative position by perforated porcelain caps at top 
and bottom. Te the innermost cylinder the’ line is 
connected, to the outer the earth, Air gaps of 7's-ineh 
exist between the cylinders... Should the dynamo 
current follow the lightning discharge, the resulting 
current, of air will blow the are upwards into the 
spaces between the flaring ends, thus rupturing it. 

The 8. K. C. Choke Coil offers great. impedance to 

lightning discharges but practically none to currents 
of ordinary frequency.: Intro- 
duced between fightning arrester 
ind machine they, interpose an « 
enormous opposition. to the “passage- of 
lightning towards the machine but offer 
no disturbing: effect either to magnitude 
of output or regulation of .the system, 
— the 8. K..Q, Line Diseharger is a 
minute air-gap in series with a_tube-or 
tubes, filled with oxidized metalic parti- 
cles, thus offering practically an infinite 
resistance to dynamic currents, yet allow- 
ing static diseharges of extremely low 
potential to readily pass to earth. 

A comprehensive . treatise. of . this 
interesting combination constitutes Stan- 
ley Bulletin No..119, a copy of which will 
be gladly sent on receipt of request. 
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IT IS ALL THE NAME IMPLIES! 


Belted and Direct-Connected Simple and Compound 
Automatic and Self-Oiling 


The ‘Ideal’ Engine 


Greatest Economy Highest Efficiency 
The name tells the literal truth—it is the ideal steam engine 





A. L. IDE & SONS, [lanufacturers, Springfield, Ill. 


W. H. M. SMALLMAN, Selling Agent, 
129 First Street, SAN FRANCISCO, CAL. 


NATIONAL TUBE COMPANY, 


MANUPACTURERS OF 


High-Pressure Pipe Lines. 


We manufacture lap-welded pipe and re- LAP-WELDED PIPE only is used tor extreme pressures. Among 
ceivers for power lines up to 30 inches } those using our pipe lines for this purpose may be mentioned the fol- 
diameter, with lead joints, expanded and § ljowing California companies: 
riveted joints, cast-iron or rolled-steel 























San Joaquin Electric Co. . 2... cee eee 20-inch pipe, 1411 head, 612 lbs. pressure. 
flange joints, or solid welded flange joints. Blue ‘take SN OS. wen aw daca Bh bis 4h es ** rt itis “\. | ae . er 
We also manufacture a full line of welded Mt. Whitney Power Co. ... 20“  q300 “gag tt “ 
and seamless tubular goods. Standard Electric Co. of California... 30 ‘“* ‘“* 1485 ‘* 640 * . 


California Sales Office, No. 420 California Street, San Francisco, Cal. 


IMPERIAL PORCELAIN ~==:.. 


TRACE 


HIGH-POTENTIAL INSULATORS wn 


These Insulators are in exclusive use on such important power transmission lines as: 








SOUTHERN CALIFORNIA PowER Co., - - - Redlands to Los Angeles 
SNOQUALMIE FALLS PowER Co., - - - 
- - + Snoqualmie Falls to Seattle and Tacoma 
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LIGHTEN THE “WHITE MAN’S BURDEN” | 


The fireman will rejoice and it won’t matter much to the coal man if you cut him 5 or 10 now that business is good. 


(Clean Boilers.) Try it. DEARBORN FEED WATER TREATMENT 


SEND A GALLON JUG OF WATER FOR ANALYSIS. 


Dearborn Drug and Chemical Works, “*..°"" 29-33 Rialto Bldg., Chicago, IIl. 
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Permanent Accuracy Guaranteed 


= STANLEY INSTRUMENT COMPANY 


The accompanying cut shows the general arrangement of KNIGHT’S STANDARD WATER WHEEL, of Y anciaeo. 31-3% Ww 7S 
which there are HUNDKEDS IN USE in different States of the Union. These wheels are made from 2 to 6 San Francisco, 31-33 New Me ntgomery St. 








feet in diameter, from 10 to 1000 horse power. and adapted to all heads and purposes Wheels inclosed SEATTLE, WaSH., Pioneer Building 
in iron cases from 6 to 24 inches. Wheels for electrical power can be furnished with or without New York, 146 Broadway. 
Governors. Highest regulation guaranteed. Address all communications to 
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TE PELT ON WATER WHEEL —— 
NEW YORK. 


HIGH EFFICIENCY 


AND 


RELIABILITY are THE | 


MOST IMPORTANT QUALIFICATIONS OF 
A WATER WHEEL. 


THE PE LTON POSSESSES BOTH 


AND IS ADAPTED TO EVERY VARIETY 
OF SERVICE. 


HYDRAULIC- ELECTRIC 


TRANSMISSION PLANTS IN PARTICULAR. 














Send For Illustrated Catalogue 








NoTE: Intending purchasers of water wheels are hereby 





advised that the Pelton Water Wheel Company has pending in ' 
' . . " M the U. S. Circuit Court a suit against the Abner Doble Company 
A typical Electric Power Station, equipped with Pelton Wheels, showixg intake and for infringement of its Letters Patent; under the law the user 
Pipe Line on hillside. may be held equally liable. 
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3 Worthington Pumping Engines and Hydraulic Machinery 


HENRY R. WORTHINGTON 


Electric and Power U | \ Pumping grea for all 
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New York, Boston, Philadelphia, St. Louis, Chicago, Cleveland, Indianapolis, San Francisco, London, Paris, Berlin, Vienna, Amsterdam, Brussela, 
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PACIFIC COAST BRANCH OFFICE: 132-134 FIRST STREET, SAN FRANCISCO 


Telephone, MAIN 5680 Address all communications to HENRY R. WORTHINGTON 





LOCAL AGENTS: Moran Bros. & Co., Seattle : Tatum & Bowen, Portland : Baker Iron Works, Los Angeles 
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for High Voltage Alternating 
and Direct Current Systems. 


Westinghouse 


LIGHTNING ARRESTERS 


Lightning Arrester, Type A, for Low 
Potential Circuits. 


Westinghouse Electric 
& Mfg. Co., Pittsburg, Pa. and Canada. 






Absolutely Non -Arcing 
Under all Conditions. 


Prevent Generator Current 
from following in wake of 
Lightning Discharge. 
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Westinghouse, Church, Kerr & Co., 
ENGINEERS 
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Design and Install Complete Power Plants. 
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Lombard Water Wheel Governors 


ARE GUARANTEED TO GIVE THE MOST ACCURATE SPEED REGULATION ATTAINABLE 
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horsepower in use ; shown in cut, is special- 
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Adapted to all makes 


of water wheels under 


and all other forms of 
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WEATHERPROOF 
ANNUNCIATOR 
MAGNET...... 


We desire to announce the opening of our new 





insulating works at Los Angeles—the only plant of its kind in 











the West. We have installed a complete equipment of the most 





modern machinery for the manufacture of weatherproof, annunciator and magnet wire 
and cables, and are prepared to make prompt shipments of all sizes. 

Our experience of many years in the making of this class of wire in 
the East makes it possible for us to absolutely guarantee every pound of our output. 
If it isn’t right, send it back at our expense. 


Let us make you some quotations; our prices will be found attractive. 
A full stock carried in San Francisco. 


Pacific Electrical Works 


General Sales Office, MILLS BUILDING 
Works at Los Angeles, Cal. SAN FRANCISCO, CAL. 
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POWER TRANSMISSION 


Managers have no line troubles when using 


Locke Insulators 
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On Longest Power Transmission Lines in the World 


goo,000 LOCKE INSULATORS in use on the Pacific Coast, 
Operating on Line Pressures up to 60,000 Volts. . . . . . 


JNO. MARTIN & CO. 


PACIFIC COAST AGENTS 
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31-33 New Montgomery Street. 
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We wish to announce the removal of our offices, warerooms and factory 


Re I Y) O V al from 409 Market street to our new building, 547 Mission street, between 


. Our new quarters were designed especially for our use and we have 
a 4 | N otice unrivaled facilities for looking after the supply trade, wiring, manufacturing 


Our stock has been largely increased to meet the rapid growth of the 
business and we have enlarged our factory and repair department, so that 
we can handle all classes of work. 


We shall be-pleased to have you call and inspect our new premises. 


San Francisco, Cal., October 19, rgor. 
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XXX BOILER COMPOUND 


Is guaranteed 
To remove and prevent scale; 
To stop and prevent pitting and corrosion; 
To stop priming, and keep boilers in first-class 
condition for less cost per horsepower than 
any other compound on the market. 
All orders promptly filled by 
I. O. CROSSCUP, 
530 California St., (Room 32) SAN FRANCISCO 
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In cases of Insulation : 


Use P & B Paint 
Building Paper or 
Ready Roofing 


These articles are made to withstand the injurious 
effects of water, heat, gases, vermin, rats and mice. 
They are non-conductors and can be used advantage- 
ously about electrical works or construction of all 
kinds. Write for booklets — address dept. /. 


PARAFFINE PAINT COMPANY 
116 Battery Street 
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Electrical Engineering Co. 
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All our Wires—New Code Standard 


NEW YORK INSULATED WIRE COMPANY 


Write for our new catalogue Main Office, 13-17 Cortlandt Street, New York 
JOH N R. COLE, Sales Agent, 
33 Second Street, = = = = = SAN FRANCISCO 





GRAPHITE PRODUCTIONS: GILLESPIE’S INSULATOR PINS 


: : ’ : , This pin is made of seasoned eucalyptus, a wood particularly adapted for 
Graphite Resistance, Graphite Brushes, Graphite Paint electrical insulating. Experts declare it the best pin made. In use in most 
Graphite Crucibles : . Graphite for all Purposes of the electrical transmission plants on the Pacific Coast We are making 
pins for the Standard Electric Company, the Bay Counties Power Company, 


JOSEPH DIXON CRUCIBLE COMPANY Jno. Martin & Co., and many others. Address, 
‘fac and Home Office: 304 Market Street, a ‘ 6aN mel 
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ANNOUNCEMENT! 


Stace ELECTRICAL ENGINEERING COMPANY 
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at attractive prices, based upon the advantages of 
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We desire to announce the opening of our new 
insulating works at Los Angeles—the only plant of its kind in 











the West. We have installed a complete equipment of the most 





and cables, and are prepared to make prompt shipments of all sizes. 

Our experience of many years in the making of this class of wire in 
the East makes it possible for us to absolutely guarantee every pound of our output. 
If it isn’t right, send it back at our expense. 


Let us make you some quotations; our prices will be found attractive. 
A full stock carried in San Francisco. 
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aycifle, ANNOUNCEMENT! 


b dae ELECTRICAL ENGINEERING COMPANY 
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tory of the now-defunct Pactric INcANDEScENT Lamp 
Company, of San Francisco, and has engaged in the 
Muifle manufacture of strictly first-class Incandescent Electric 
Lamps upon a scale never before attempted west of 


the Mississippi. 





In addition to “refilled” or ‘‘ renewed” lamps, 
which bear the label ‘‘Pacific’’ as heretofore, the 


Electrical Engineering Company manufactures entirely 





new lamps known as the ‘‘Calffornia’’ brand, and 


which are marketed under the guarantee that they 
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| local manufacture. 
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EFFICIENCY OF PELTON WHEELS 


The following recent letter, emanating from one of the foremost engineering laboratories of the 











world, may be of some interest as establishing beyond question the high efficiency 
_ of the Pelton Water Wheel: 





SIBLEY COLLEGE, DEPARTMENT EXPERIMENTAL ENGINEERING. 
CORNELL UNIVERSITY. R. C. CARPENTER. 


Siam * Y. Oct. 15, 1901. 


The Pelton Water Wheel Co., 
San Francisco, Cal. 
Gentlemen :--- 

In accordance with your request for a statement in 
regard to results obtained in tests made by us on your wheel, beg tc 
say that we have obtained as high an efficiency as 88 per cent in 
some of our experiments on Pelton wheels. 

We recently conducted a series of experiments in which we 
used various forms of buckets on the rim of the.same wheel. The 
results of these tests seemed to indicate the superiority of the 
general form of bucket adopted in the Pelton wheel. 


very truly yours, 


a ee 










SEND FOR ILLUSTRATED CATALOG 
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superior durability. 


Is not this a business proposition ? 


Here’s the situation — 


Irregular erosion means wasted energy. 
Wasted energy means greater maintenance costs. 
Greater maintenance costs plus wasted energy means reduced income. 


N. B.—There is no irregular erosion in DOBLE BUCKETS. 
The Moral is Clear: USE THEM! 


Follow the good example set 
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Write for particulars. 


ABNER DOBLE COMPANY 
ENGINEERS 


Established 1850 


Fremont and Howard Sts. San E'rancisco 











‘JAN 14 1902 


xiv THE JOURNAL OF ELECTRICITY, POWER AND GAS. 





Worthington Pumping Engines and Hydraulic Machinery 


HENRY R. hector gaia 











OFFICES : 


New York, Boston, Philadelphia, St. Louis, Chicago, Cleveland, Indianapolis, San Francisco, London, Paris, Berlin, Vienna, Amsterdam, Brussels. 
Hydraulic Works at Brooklyn, N. Y. and Elizabethport, N. J. 


PACIFIC COAST BRANCH OFFICE: 
Telephone, MAIN 5680 


LOCAL AGENTS: 


Moran Bros. & Co., Seattle 





132-134 FIRST STREET, SAN FRANCISCO 


Address all communications to HENRY R. WORTHINGTON 


Tatum & Bowen, Portland 


Baker Iron Works, Los Angeles 





BUYERS’ DIRECTORY. 





Aluminum 
Pittsburg Reduction Company. 


Are Lamps 

California Electrical Works. 

General Electric Company. 

Westinghouse Electric & Manufacturing Co. 


Batteries 

California Electrical Works. 
Electric Storage Battery Co., The 
Sloane, Chas. F. 


Boller — 


Crosscup, I. 
Dearborn ines and Chemical Works. 


Carbons 
Sloane, Chas. F. 


Chemicals 
Dearborn Drug and Chemical Works. 


Dynamos and Motors 

Bullock Blectric Manufacturing Company. 
California Electrical Works. 
Crocker-Wheeler Company. 

Electrical Engineering pany. 

General Electric Company. 

Sloane, Chas. F. 

Stanley Electric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 


Electrical Supplies 

California Blectrical Works. 

General Electric Company. 

Joseph Dixon Crucible Company. 

Sloane, Chas. F. 

Westinghouse Electric & Manufacturing Co. 
Electric Storage Battery Co. 


Educational 
Heald’s Business Colleg 
Van der Naillen School. ‘of Engineering. 


Elevators 
Electrical Engineering Company. 





Engineers 

Bates, Frank H. 
Benjamin, E. H. 
Century Electric Co. 
Cobb, Edward 8. 
Doble, Robert McF. 
Hall, Leon M. 

Hicks, Lewis A. 
Hunt, A. M. 
Meredith, Wynn 
Ridley, A. E. Brooke. 
Westinghouse, Church, Kerr & Co. 


Gas Engines 
Westinghouse, Church, Kerr & Co. 


Gas Works Builders 
Western Gas Construction Company. 


Governors 
Lombard Governor Co., The 


Instruments 

California Electrical Works. 

General Electric Company. 

Stanley Electric Manufacturing Company. 
Weston Electrical Instrument Company. 
Westinghouse, Church, Kerr & Co. 


Incandescent Lamps 

California Electrical Works. 

Colorado Lamp Company. 

Electrical Engineering Company. 

General Electric Company. 

Sloane, Chas. F. 

Westinghouse Electric & Manufacturing Co. 


Insulating Compound 
New York Insulated Wire Company. 
Paraffine Paint Company. 


Line Materials 
Knowles, C. 8. 
Locke, Fred M. 
Sloane, Chas. F. 
Pull Boards 
Crose-Hinds Electric Co. 


Poles, Cross Arms and Pins 
Carter & Co., Geo. E. 

Hardwood Planing Mill Co. 
Union Lumber Company. 





Power Transmission 

Bullock Electric Manufacturing Company. 
General Electric Company. 

Stanley Electric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 
Pipe 

National Tube Company. 

Pumps 

Jackson Machine Works, Byron. 

Moore & Co., Chas. C. 

Worthington, Henry R. 


Railway Supplies 


General Electric Company. 
Sloane, Chas. F. 


Steam Boilers 

Babcock & Wilcox Company. 
Jackson Machine Works, Byron. 
Oakland Iren Works. 


Steam Engines 

Ide & Sons, A. L, 

Jackson Machine Works, Byron. 
Moore & Co., Chas. C. 

Oakland Iron’ Works. 
Westinghouse Machine Company. 


Switches—knife 
Crouse-Hinds Electric Co. 


Telephones 

California Electrical Works. 
Transformers 

General Electric Company. 

Stanley Blectric Manufacturing Company. 
Westinghouse Electric & Manufacturing Co. 


Water Wheels 

Doble Company, Abner. 

Knight & Company. 

Oakland Iron Works. 

Pelton Water Wheel Company, The. 


Wires and Cables 

California Electrical Works. 

New York Insulated Wire Company. 
Okonite Co., Ltd., The. 

Pacific Electrical Works. 

Pittsburg Reduction Company. 
Standard Underground Cable Co. 





When writing advertisers kindly mention ‘‘The Journal of Electricity, Power and Gas.” 





| ommmne e 





f 
“ » 


Sop 





eh pele 


RT 


—E 





THE JOURNAL OF ELECTRICITY’, POWER AND GAS. s¥ 

















P & S PORCELAIN GOODS 
e a = 





"(Ss BEAR INSPECTION 


There are none better 





San Francisco Deliveries Right Prices 


Pass & Seymour, Inc. 


Solvay, New York 





THE CHAS... F. SLOANE co., 
Pacific Coast Sales Agents Mills: Bldg, SAN FRANCISCO 


“CROUSE-HINDS” 


SWITCHES 


BIG AND LITTLE 


BUT ALWAYS 


High-Grade 


















Cut shows 7500 ampere 
KNIFE. SWITCH on 6’ 6”’ 
slab. Qperated by one 
man, ‘ 3 ‘ 


CROUSE-HINDS : 


Electric Co. 


Main Ofite and Works: Syracuse, N. ¥. 





THE CHAS. F.. SLOANE CO. 


Pacific Coast Sales Agents 
Mills Building SAN FRANCISCO 











SAN: FRANCISCO DELIVERIES ARE INSTANT 
DELIVERIES 


Immediate Shipments from San Francisco stock are made on Orders for the Products of 





CROUSE-HINDS ELECTRIC.CO., 
PASS & SEYFIOUR - - 


HEMINGRAY GLASS CO., - 





SAFETY ARIIORITE CONDUIT CO., 


PACIFIC ELECTRICAL WORKS _ - 





STANDARD UNDERGROUND CABLE CO., ~ = Wires and Cables 


HART & HEGEMAN MANUFACTURING CO., ~ 


‘a Knife Switches 


PLL PL ALLL APL 


Porcelain Goods 


~ - Provo-type Insulators 


Fiush Switches 


+ a“ Iron Armored Conduit 





- Weatherproof and Magnet Wires ° 








THE CHAS. ‘x SLOANE CO. 





~ Pacific Coast Sales Agents 





Mills Building, San Fiemibe 








- When writing advertisers kindly: mention 


a shies 
" " . “7? 
wart } eee ee EA Sho —_— 


J} 


"The Jdurnal of Electricity, Power and Gas.” 








xvi 





_ THE JOURNAL OF ELECTRICITY, POWER AND GAS. Vol. XI—Ne. 12 
pase Oe igo atic a ae Ags LOR Ess ia a ee ECR ca de hee Oe Tae ; ne TN 





> me 











ETHE. S. KR ©2375 TEM 


oe? Electric Manufacturing Company 
“Pittsfield, Massachusetts 
































ADVANCE BULLETIN No, 122 











ROTARY ‘convene 





«We ; 
+ AGT 


HE illustration shows the latest development in converters, one of several 
machines, recently built. for the Detroit, Rochester, Romeo and Lake 
Orion Railway, Detroit, Mich. 
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At the Pan-American Exposition t the S. K. C. System conntind the highest possible award — 
a etic medal — for High-tension Alternating-current Apparatus 
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